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ABSTRACT 
 
 
In Europe yersiniosis related to Yersinia enterocolitica is the third most numerously reported 
zoonoses. In Italy, notification of yersiniosis is not compulsory; thus, no true incidence rates are 
available from this country. Yersinia species are ubiquitous and they are also isolated from a wide 
variety of foods.  
The objectives of this work were to study a multiplex PCR that could be applicable for a screening 
of food samples for pathogenic Y. enterocolitica, to characterize strains isolated from human 
patients, swine carcasses, meat, vegetables, burrata cheese and wild boars collected in Umbria and 
Marche Regions during 2004-2011, to investigate the detection of genotypic virulence markers ail, 
ystA, ystB, myfA and hreP and to characterize the recovered isolates by PFGE and MLVA.  
Among 120 swine carcasses investigated Y. enterocolitica were isolated from 25,8% of the samples 
and 2 of them were identified as Y. enterocolitica biotype 4 showing all the virulence factors tested 
and identical PFGE and MLVA profiles. Ten pathogenic Y. enterocolitica strains, recovered from 
stools of patients, exhibited the genotype ystA+ yadA+ myfA+ hreP+, 6 showed the genotype 
ystA+ yadA- myfA+ hreP+ and 2 were biotype 1A ystB+. Most of the colonies isolated from the 
other sources was nonpathogenic and harboured the ystB gene.  
The multiplex PCR method was effective, fast and simple, capable of detecting pathogenic Yersinia 
enterocolitica in 48-72 hours. It offers significant advantages over the microbiological methods of 
isolation, allowing shorter response times and early detection of strains carrying the pathogenicity 
factor. 
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INTRODUCTION 
 
 
Foodborne diseases are an important and growing public health and economic problem in many 
countries. Especially, bacteria are a common cause of foodborne illness responsible for high levels 
of morbidity and mortality in the general population, but particularly for at-risk groups, such as 
infants and young, children, the elderly and the immunocompromised. 
In Europe, sporadic yersiniosis cases related to Yersinia enterocolitica in humans are common, 
whereas outbreaks are rare. A total of 7,595 confirmed cases of yersiniosis was reported in 
European Union in 2009 and yersiniosis is still the third most numerously reported zoonoses with a 
notification rate of 1.65 per 100,000 population. The majority of human pathogenic Y. 
enterocolitica recovered in Europe belong to bioserotype 4/O:3 or less commonly to biotype 2 
(serotype O:9, O:5,27) (1). Among the most consumers category involved there are children, 
indeed, in 2006, the age groups 0–4 and 5–14 years represented 32% and 20% of all reported Y. 
enterocolitica cases, respectively (2). 
In Italy, notification of yersiniosis is not compulsory; thus, no true incidence rates are available 
from this country (1). Moreover, the European Food Safety Authority (EFSA) suggested that all 
Member States carry out survey at regular intervals, in particular at slaughterhouse, even if the 
epidemiological situation in a member State is not worrying (3). Therefore, more comparable data 
are needed on the prevalence of pathogenic Yersinia enterocolitica strains.  
Yersinia species are ubiquitous and they are also isolated from a wide variety of foods, but pork 
remains to be the only known reservoir for pathogenic Y. enterocolitca (4). Indeed human 
pathogenic strains, such as Y. enterocolitica bio-serotypes 4/O:3 and 2/O:9, are often detected in 
pigs and pork products (5-8). 
Identification systems for Y. enterocolitica based on biochemical methods do not guarantee an 
efficient identification at species level. For example, members of nonpathogenic Yersinia species 
can easily be misidentified as Y. enterocolitica. In particular, considerable difficulties are associated 
with isolating Y. enterocolitica from clinical, food and environmental samples. Conventional 
culture-dependent methods, as described above, have several limitations, such as long incubation 
steps taking up to 4 weeks, lack of identification between species, and lack of discrimination 
between pathogenic and nonpathogenic strains (9). In addition, the ability of bacteria, including Y. 
enterocolitica, to persist in samples in a viable but nonculturable state can be a problem (10).Thus, 
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investigations have been undertaken to develop rapid and reliable methods for detecting pathogenic 
Y. enterocolitica in natural samples.  
Polymerase Chain Reaction (PCR) is the accepted method for detecting nucleic acids in a variety of 
samples in the field of molecular diagnostics. PCR applied to pathogenic Y. enterocolitica detection 
is a rapid method with high specificity and sensitivity (11). However, an enrichment step prior to 
PCR is essential to increase the sensitivity and to decrease the risk of false-positive results due to 
detection of dead cells. Moreover, positive results obtained by PCR should be confirmed with 
culture methods because isolation of the strains is essential for confirmation and to enable 
characterization.  
Most Yersinia spp. have traditionally been designated as non-pathogenic and the presence of this 
bacteria in foods is not always associated with disease. Anyway, some authors have showed that 
they are not as harmless as it is believed, therefore, detection of virulence factors in Y. 
enterocolitica is necessary.  
The epidemiology of Y. enterocolitica infections is complex and remains poorly understood. Trying 
to solve this problem, several DNA-based methods have been developed in molecular typing of Y. 
enterocolitica. Subtyping is important in recognizing outbreaks of infection, in detecting the cross-
transmission of pathogens and in determining the source of the infection.  
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Yersinia genus 
 
The genus Yersinia belongs to the family Enterobacteriaceae in the class Gammaproteobacteria of 
the phylum Proteobacteria. All Yersinia species are Gram-negative, facultative anaerobic, catalase-
positive and oxidase-negative, asporogenous straight rods or coccobacilli, 0.5 to 0.8 µm by 1 to 3 
µm in size (12). They produce acids, but not gas, from glucose whilst are not able to ferment lactose 
and to dihydrolase arginine. Yersinia species are H2S negative, ferments mannitol and, except Y. 
pestis, are motile but not at temperatures above 30°C (4). The optimum growth temperature of 
Yersinia strains is around 28°C, but they can grow at temperatures range from 4°C to 42°C (12). As 
a psychotrophic organism some Yersinia strains can grow at temperatures as low as -5°C, although 
growth is very slow below 0°C (13). At the time of writing, the genus Yersinia consists of 17 
species (14): Y. pestis, Y. pseudotuberculosis, Y. aldovae, Y. enterocolitica, Y. frederiksenii, Y. 
intermedia, Y. kristensenii, Y. bercovieri (15), Y. mollaretii (15), Y. rohdei, Y. ruckeri, Y. aleksiciae 
(16), Y. massiliensis (17), Y. similis (18), Y. nurmii (19), Y. pekkanenii (20), Y. entomophaga (21). 
Their genomes range in size from 4.3 to 4.8 Mb and share the same core set of approximately 2500 
genes and a similar global partition of protein functions (22). Except for Y. pestis, Yersinia species 
are widely distribuited in nature and have undergone extensive diversification during the course of 
their evolution; some of them have adapted, depending on the species, to specific animal hosts or to 
humans. Only four species are clearely pathogenic and can cause disease in humans and animals: Y. 
pestis, Y. pseudotuberculosi, Y. enterocolitica and Y. ruckeri. The last one is the causative agent of 
enteric red mouth disease (ERM) in salmonid fish, responsible for significant economic losses in 
the fish farming industry (23, 24). Y. ruckeri is the earliest branching member of the genus and has 
the smallest genome (3.7 Mb) (22). Y. pestis is the causative agent of plague and has a fleaborne 
transmission through the skin, while Y. pseudotuberculosis and Y. enterocolitica are 
enteropathogenic organisms causing gastroenteritis in humans and animals (yersiniosis) mainly 
through food and water transmission. Y. pestis and Y. ruckeri lack functional urease, methionine 
salvage genes, and B12-related metabolism. These losses may reflect adaptation to a lifestyle that 
does not include colonization of the mammalian gut (22).  
Y. pestis and Y. pseudotuberculosis are genetically almost identical showing 97% homology in 
genome sequences so that it was suggested that Y. pseudotuberculosis should be divided into the 
subspecies Y. pseudotuberculosis ssp. pestis and Y. pseudotuberculosis ssp. pseudotuberculosis 
(25). However, due to the important differences in ecology, epidemiology, pathology and 
seriousness of plague as a disease and the possibility that the use of the subspecies Yersinia 
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pseudotuberculosis ssp. pseudotuberculosis and Yersinia pseudotuberculosis ssp. pestis may result 
in confusion (26), Y. pestis remained as an individual species, based on practical concerns for 
human welfare (27, 28). 
 
 
History 
 
The name Yersinia was proposed by Van Loghem (29) to honor Alexandre Yersin who first 
described the notorious agent of bubonic plague Y. pestis in 1894. Yersinia enterocolitica was 
discovered in 1939 when Schleifstein and Coleman studied some previously unidentified strains 
isolated from facial lesions and intestines of humans showing sign of enteritis (30). At the first time, 
they thought this group of strains looked like Actinobacillus ligneresii and Pasteurella 
pseudotuberculosis and later proposed the name Bacterium enterocoliticum. The current name of 
this species was assigned by Frederiksen in 1964 (31). The fourth specie introduced in the genus 
Yersinia was Y. ruckeri (32). Around ’80 years the DNA-DNA hybridization technique permitted 
further definition within the genus with the creation of new species from non-pathogenic strains 
previously described as “Yersinia enterocolitica-like”: Y. frederiksenii, Y. intermedia, Y. 
kristensenii. (Mettere biblio da Hallanvuo?) After the introduction of other two species, Y. aldovae 
(33) and Y. rohdei (34), the results of the biochemical and deoxyribonucleic acid relatedness studies 
carried out by Wauters et al. (1988) indicated that Y. enterocolitica biogroups 3A and 3B are two 
distinct species and proposed the names Y. mollaretii and Y. bercovieri, respectively (15). In 2000 
the known division of Y. enterocolitica into the “American” and “European” strains was 
distinguished by studies in DNA-DNA reassociation values and 16S rRNA gene sequences with 
which Neubauer proposed the division of the specie into two subspecie: Y. enterocolitica subspecies 
enterocolitica and Y. enterocolitica subspecies palearctica (35). The rearrangements in the genus 
Yersinia continued with the differentiation of some strains able to decarboxylase lysine, earlier 
classified as Y. kristensenii, named Y. aleksiciae (16). The use of a new approach that combine data 
obtained by traditional biochemical test and more recent studies including, for example, 
housekeeping genes sequencing, 16S rRNA gene analysis and DNA-DNA reassociation studies has 
been permitted to improve taxonomy knowledge. Thanks to this new species has been described Y. 
massiliensis, a bacterium first isolated from hospital water distribution systems and well water. It is 
closely related to Y. bercovieri, Y. mollaretii and Y. frederiksenii, but it is biochemically separable 
from these organisms (17). Y. similis is a new specie really similar to Y. pseudotuberculosis but is 
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not pathogenic (18). Recently other three species are described: Y. nurmii (19), Y. pekkanenii (20) 
and Y. entomophaga (21). 
 
Y. enterocolitica characteristics 
 
Yersinia enterocolitica is a short (0.5-1.0 by 1-2 µm) rod which, contrary to Y. pseduotuberculosis, 
consists of sucrose and D-sorbitol positive, and L-rhamnose and melibiose negative strains. 
Similarly, Y. enterocolitica, Y. intermedia, Y. frederiksenii and Y. kristensenii can be distinguishable 
on the basis of fermentation of sucrose, L-rhamnose, raffinose and melibiose (36). This pathogen 
can grow over a wide range of temperature, from -1°C to +40°C, with an optimum around 29°C and 
has a number of temperature-dependent phenotypic characteristics. For example, it is non-motile at 
37°C, but motile with peritrichous flagella below 30°C. Like other psychrotrophs, though able to 
grow at chill temperatures for extended periods, it does so slowly and at 3°C has been found to take 
4 days to increase by 2-log cycles in broth media. It is heat sensitive but with considerable variation 
between strains; measured D values in whole milk at 62.8°C have varied from 0.7 to 57.6 seconds 
(37). Optimal growth occurs at a pH 7-8 with a minimum (in broth at 25°C) varying between 5.1 
and 4.1 depending on the acidulant used. As the temperature decreases so the minimum growth pH 
increases. Growth is possible in broth media containing 5% salt but not 7% salt at 3 °C or 25°C 
(37). Y. enterocolitica can grow well on both decontaminated and untreated pork when packaged in 
vacuum or in high O2 atmosphere and stored at 4°C or 10°C (38). Moreover the growth rate is 
clearly influenced by presence or absence of the virulence plasmid: pYV- strains are able to grow 
consistently faster than bearing plasmid strains (39).  
Y. enterocolitica is a heterogenous species based on biochemical, antigenic and virulence properties 
(36). Based on biochemical properties, Y. enterocolitica is divided into six biotypes 1A, 1B and 2-5 
(Table 1) (40). The proposed biovar 6 is re-classified into two new species: Y. bercovieri and Y. 
mollaretii (15). A further division into three subgroups, pathogenic (biotype 1B), low-pathogenic 
(biotypes 2–5), and nonpathogenic (biotype 1A), has been suggested (41). Y. enterocolitica and 
related species can be divided into 76 serovars on the basis of O-antigen. According to the division 
suggested by Neubauer et al. (35) Y. enterocolitica subsp. palearctica includes strains of European 
origin belonging to bioserotypes 4/O:3, 2/O:9, 2 or 3/O:5,27, 1A/O:7,8, 1A/O:6,30, and 1A/O:5. Y. 
enterocolitica subsp. enterocolitica includes strains of American origin belonging to biotype 1B and 
bioserotypes 1A/O:7,8. A few strains, however, cannot be typed by this system and the number of 
described antigen factors is therefore likely to increase in the future. Anyway, H-antigen 
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determination is rarely carried out and most studies are limited to the O-antigens. Most Y. 
enterocolitica strains associating with human disease belong to the following bioserotypes: 1B/O:8, 
2/O:5,27, 2/O:9, 3/O:3 and 4/O:3; less frequently 3/O:5,27 and others 1B serotypes. These 
bioserotypes have been shown to have different geographical distributions. Strains of bioserotype 
1B/O:8 are mostly limited to the USA even if have sporadically appeared in France, Italy, Japan and 
more recently in Germany (42-44). In Europe strains 4/O:3 are largely responsible for human 
yersiniosis followed by 2/O:9 and 2/O:5,27. Biotype 3 strains are not commonly isolated, and 
biotype 5 strains are extremely rare. Y. enterocolitica biotype 1A is widely present in Europe and, 
despite has traditionally been designated as non-pathogenic, some authors have showed that this 
biotype is not as harmless as it is believed (read below).  
 
 
Table 1: Y. enterocolitica biogrouping scheme.  
Test Biogroup reaction 
 
1A 1B 2 3 4 5 
Lipase activity + + 0 0 0 0 
Salicin (acid 24h) + 0 0 0 0 0 
Esculin hydrolysis (24h) +/0 0 0 0 0 0 
Xylose (acid production) + + + + 0 V 
Trehalose (acid production) + + + + + 0 
Indole production + + V 0 0 0 
Ornithine production + + + + + + (+) 
Voges-Proskauer test + + + + + + (+) 
Pyrazinamidase activity + 0 0 0 0 0 
Sorbose (acid production) + + + + + 0 
Inositol (acid production) + + + + + + 
Nitrate reduction + + + + + 0 
From Bottone et al. (6). + = positive; 0 = negative; (+) = delayed positive; v = variable. 
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Virulence factors 
 
Y. enterocolitica is a heterogeneus species and only some strains are really able to cause illness in 
human. The virulence of this strains is attributed to the presence of a highly conserved 
approximately 70-kb virulence plasmid, termed pYV (plasmid for Yersinia virulence), and some 
chromosomal genes (45).  
 
Plasmid encoded virulence factors 
For full virulence all the tree pathogenic Yersinia species need pYV that allow them to survive and 
multiply in lymphoid tissues of their host. It has been known for decades that pathogenic strains are 
Ca2+-dependent when grown at 37°C and that this property can be lost and that its loss correlates 
with a loss of virulence. Only later it appeared that virulence and Ca2+ dependency are encoded by a 
70-kb plasmid (45). The pYV encodes an outer membrane protein YadA (Yersinia adhesin A), a set 
of secreted proteins called Yops (Yersinia outer membrane proteins), and their secretion apparatus 
called type III secretion systems.  
The YadA protein is an important factor for the enteric infection because forms a fibrillar matrix on 
the surface of the bacterium (46) and show different functions able to protect the pathogen (Table 
2). In particular this protein is a potent serum resistance factors and inhibits the classical pathway of 
complement (47). Moreover YadA is optimally expressed at 37°C and promotes adhesive and 
invasive abilities by binding the host cell membrane (48).  
 
 
Table 2: Role of YadA protein in the virulence of Yersinia enterocolitica (49). 
Function of YadA protein Reference 
Serum resistence  Heesemann et al. 1983 (47) 
Surface hydrophobicity Lachica and Zink 1984 (50) 
Autoagglutination Skurnik et al 1984 (51) 
Adhesion to epithelial cells Heesemann et and Grüter 1987 (52) 
Expression of fibrils on the surface Kapperud et al. 1987 (46) 
Haemagglutination Kapperud et al. 1987 (46) 
Binding to intestinal brush border membranes Paerregaard et al. 1991 (48) 
Resistance to killing by polymorphonuclear 
leukocytes 
Ruckdeschel et al. 1996 (53) 
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The genes encoding type III secretion system, present in many others Gram negative species, named 
Yersinia secretion apparatus (ysc), and the secreted Yersinia outer proteins (yop) are also located in 
the pYV. This system is able to inhibits phagocytosis and downregulate the inflammatory response 
of the host (45). Yops is recognized as two categorical groups: host cell effectors Yops (YopE, 
YopP, YopT, YopM, YopH, YopO) and Yops required to translocate these effectors across the 
eukaryotic membrane (LcrG, YopK/YopQ, YopD, LcrV, YopB). These proteins are directionally 
delivered, or injected, into the cytosol of target host cells by a particular flagellum, hence it is used 
as a dedicated secretory portal for flagellar-specific proteins. Actually, this kind of flagellum is 
called Yersinia type III secretion and is composed of more than 20 different Ysc proteins. Yops 
protect Yersinia from the macrophage by disturbing the host cell cytoskeleton dynamics, interfering 
with the gene expression and with signal transduction and, finally, inducing apoptosis (4). 
Transcription of many pYV genes, including all the yop genes and yadA, is dependent on the 
VirF/LcrF transcriptional activator. (45). Moreover, pYV of low-virulence bioserotypes of Y. 
enterocolitica, for example bioserotype 4/O:3, contain resistance genes to arsenite and arsenate and 
this characteristic probably may have been an advantage due to the arsenical anti-spirochetal 
treatments used for pigs in Europe prior to World War II and it was speculate that arsenical 
treatment and consequent gain of resistance may have contributed to the establishment of Yersinia 
in pigs. (54). 
All Yersinia strains carrying the virulence plasmid exhibit a phenotype known as low-calcium 
response because these growth slowly at 37°C in media containing a low concentration of Ca2+ (55). 
This restrictive condition growth is associated with the maximally expression of Yops. (45). 
 
Chromosomally encoded virulence factors 
Fully virulence in Y. enterocolitica depends also on the expression of the chromosome-encoded 
factors. For example, the ability to invade mammalian cells is chromosomally encoded because, as 
some studies demonstrated (56, 57), strains with or without the virulence plasmid, were able to 
invade tissue culture cells in a similar way. 
Adherence to and invasion of epithelial layers require at least two chromosomal genes, inv 
(invasion) and ail (attachment invasion locus). The inv encode for invasin, a 92-kDa outer 
membrane protein, that allow high level of invasion in several tissue culture lines and is 
homologous to the inv gene of Yersinia pseudotuberculosis (58). This protein binds with 
extraordinarily high affinity to integrins that have the β1 chain, in particular these present on the 
apical surface of M cells in the intestine (59). Although the Inv protein is maximally synthesized at 
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temperatures below 28°C, under acidic conditions, the Inv protein is equally well produced at 37°C 
(60). Moreover, the expression of inv is regulated by RovA (61). The inv gene is present in 
pathogenic and nonpathogenic Y. enterocolitica strains, however, avirulent strains lack functional 
inv homologous sequences and these isolates are noninvasive (62). In contrast, the ail gene is found 
uniquely in Y. enterocolitica bioserotypes associated with disease, as a matter of fact, only strains 
able to invade tissue culture present this sequence (63). Therefore, ail gene may be an essential 
chromosomal virulence factor in Y. enterocolitica.  
Lipopolisaccharide (LPS) is an important component of the outer membrane of gram-negative 
bacteria and is an endotoxin inducing a strong response from animal immune system. LPS is a large 
molecule consisting of three parts: lipid A, oligosaccharide core and O-side chain (O-antigen). The 
lipd A, the hydrophobic part, anchor the LPS into the bacterial outer membrane and it is responsible 
for the endotoxin activity. The hydrophilic part is consists of core oligosaccharide and O-antigen 
and in Y enterocolitica O:3 the inner core is linked to both the O-antigen and to an outer core 
hexasaccharide forming an unique branch . Outer core is required for this bioserotype full virulence, 
and it provides resistance against defence mechanisms, in particular normal serum and most 
probably those involving bactericidal peptides. Moreover, it seems that it is determinant for 
prolonged survival in Peyer’s Plaques and for invasion of mesenteric lymph nodes, spleen and liver 
(64). O-antigen is the outermost domain of LPS molecule thus plays a critical role in the bacterial 
interaction with the environment. Also this component is required for full virulence, as showed in 
an orally infected mouse model (65). Based on structural variation of antigenic sugar residues 
present in the O-polysaccharides Y. enterocolitica and related specie are divided into at least 76 
different serotypes (66). 
Another relevant chromosomally mediated virulence factors is the Yersinia heat-stable enterotoxins 
(Yst) that is similar to the heat-stable (ST) enterotoxin of enterotoxigenic E. coli (ETEC), so that, 
even if Yst is slightly larger, the active domain appears to be highly conserved (67). The role of 
enterotoxin in the pathogenesis of Y. enterocolitica infection is unclear. Purified Yst protein is heat 
stable at 100°C for 10 minutes between pH 2.2 and 8.0 and don’t lack activity after treatment with 
trypsin (68). yst gene has been detected only in Y. enterocolitica but some Y. kristensenii and Y. 
intermedia strains had DNA homologous to yst (67, 69). In an experimental oral infection of the 
young rabbit the yst-positive strains were able to cause diarrhea, weight loss, and death contrary to 
constructed yst-negative mutant of Yersinia enterocolitica (70). Yst stimulate cGMP synthesis in 
the intestinal brush border, leading to an overall effect of fluid loss and lack of fluid absorption. 
Although Yst is not detected in vitro at temperatures above 30°C (68) and this suggests that this 
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toxin is not produced in the intestinal lumen, transfer of the yst gene into E. coli resulted in the 
production of active toxin at 37°C (70). This suggests that yst gene expression in Y. enterocolitica 
may be thermoregulated. Moreover, Mikulskis et al. (71) showed that low pH and increased 
osmolarity conditions, similar to that in the lumen, can induce yst to express at 37°C. Despite good 
bacterial cell growth, no Yst was produced in milk at 4 or 22°C (72) thus this would suggest that is 
not likelihood intoxication by good stored food. Y. enterocolitica has YstA, YstB, and YstC 
variants. YstA is present in pathogenic bioserotypes of Y. enterocolitica, YstB seems to be 
associated to biotype 1A strains and YstC has been detected rarely (73, 74). 
The enzyme urease is necessary for the survival and pathogenesis of Y. enterocolitica and is 
encoded by the urease gene complex (ure) on the chromosome (75). This enzyme catalyzes the 
hydrolysis of urea to form one molecule of carbon dioxide and two of ammonia, leading to an 
increase in pH to levels at which the bacteria remain viable. This characteristic makes Y. 
enterocolitica acid tolerance and thereby enhancing survival in acidic environments. As a matter of 
fact, under the conditions of a normal human fasting stomach (pH <3) the bacterium showed  
approximately 85% survival (75).  
In addition to the Ysc type III secretion system encoded by pYV a second type III secretion system 
called Ysa (for Yersinia secretion apparatus) has been discovered in Yersinia and it is encoded by 
chromosomal loci, named ysa (76, 77). The presence of this secretion machine seems to be 
restricted only to the high pathogenic strains belonging to Y. enterocolitica 1B (78). This system has 
its own effectors, named Ysps, but it is also able to inject three Yops encoded by virulence plasmid 
and they are necessary for full virulence of bioserotype 1B (79). 
The flagellum has basal body characterized by a structure similar to the type III secretion apparatus 
and usually exports the flagellum subunits for assembly to the outer surface of the cell. It was 
delivered that the flagellar basal body is capable of transport to the extracellular milieu of some 
other virulence proteins, named Fops (flagellar outer ptoteins), such as the phospholipase YplA 
(80). Recently a mutational study confirmed the critical role of activated flagella in biofilm 
formation, in particular during the initiation of biofilm production. This suggest that flagellum may 
be not only a virulence factor but a means for Y. enterocolitica to persist in environmental niches 
(81).  
Myf (mucoid Yersinia factor/fibrillae) is an adhesion factor composed of a proteic polymer 
characterized by a fibrillar structure. The chromosomal region involved in the production of Myf 
contains three genes: myfA encoding the 21-kDa major subunit, myfB and myfC encoding an 
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assembly machine involved in the synthesis of many fimbriae. The presence of Myf is restricted to 
pathogenic serotypes of Y. enterocolitica (82). 
Iron is an essential micronutrient for almost all bacteria, including Y. enterocolitica, and it is readily 
available in many environments whereas in mammalian tissues it is tightly bound to carrier proteins 
such as transferrin and lactoferrin. Therefore, iron acquisition is an important factor in Yersinia 
pathogenicity. In Y. enterocolitica biotype 1B strain 8081, the gene cluster encoding iron uptake 
system is present in a 45 kb high-pathogenicity island (HPI) (83). This siderophore, named 
yersiniabactin, is important for the systemic dissemination of bacteria in the host and is present only 
in high-pathogenic strains. In fact, low-pathogenic Y. enterocolitica strains (biotype 2 and 4), 
usually cause only intestinal symptoms but when iron is available, for example in iron-overloaded 
patients, these strains are able to cause systemic infections (84).  
The role of proteases in pathogenesis is well established for several microorganisms and is also 
important in Y. enterocolitica strains able to survive and replicate in the lymphoid tissues of its host 
during the early stages of infection. A study of in vivo expression technology (IVET), a technique 
able to select for and identify genes that are expressed during an infection, was used with Y. 
enterocolitica in a mouse model of oral infection (85). This study identified 45 different 
chromosomal loci, designated hre for host responsive elements, which are expressed early during an 
infection but not under standard laboratory conditions. One of these, termed hreP, encodes a 
protease (HreP) belonging to a family of eukaryotic subtilisin/kexin-like proteases and it seems to 
has been acquisited by horizontal gene transfer (86). HreP is necessary for full virulence of Y. 
enterocolitica, as a matter of fact, hreP mutant strain showed a reduction of virulence consisting in 
a 50% lethal dose and an in vivo survival assay (85). Recently, Wagner et al. (87) reveled a 
regulatory network that controls expression in vivo of this virulence factor.  
 
Pathogenesis 
 
The pathogenic mechanism of Yersinia is highly complex and not fully understood. However, 
multiple factors encoded by both chromosomal and plasmid genes are involved. 
Human clinical infections with Y. enterocolitica are usually acquired by ingestions of contaminated 
food or water. Moreover, the bacterium transmission may ensue after person-to-person spread, 
animal-to-human contact and through blood transfusion. This last route of infection fortunately 
occurs quite rarely since about 60 cases have been reported in the literature worldwide (88). 
Anyway, blood-transfusion associated septicemia due to Y. enterocolitica is reported to have high 
16 
 
fatality rate and this specie is one of the most common contaminants of blood products (89). There 
are only few cases of human-to-human transmission, one of which was caused by Y. enterocolitica 
2/O9 genetically identified by PFGE. The case involved a Japan grandmother ate, probably, 
contaminated food, become a bacterial carrier and transmitted the infection to the 11-month-old 
youngest daughter (90). Another not common route of infection is the contact with animals, not 
only with pigs, cattle, sheep and rodent but also horse, cats and dogs. Although Murphy et al. (91) 
showed that all the Y. enterocolitica strains, isolated from canine tonsils, belonged to non-
pathogenic biotype 1A, Wang et al. (2010) reported that some potentially pathogenic strains 
isolated from domestic dogs belonging to farmers had same PFGE patterns as human strains (92). 
Besides, Fredriksson-Ahomaa et al. (2006) reported that raw pork can be an important source of 
Yersinia enterocolitica 4/O:3 infections in dogs and cats, and these pets may be one source of 
human infection, especially in young children (93, 94). The direct transmission is a really small 
infection possibility (88).  
As the usual route of acquisition of Y. enterocolitica is through ingestion of contaminated foods and 
as most of the incriminated foods associated with large outbreaks have cycled through refrigeration 
temperatures, the microorganism must first undergo temperature adaptation to colonize in the 
intestines of humans at temperature of about 37°C. For this purpose the bacterium changes its 
surface antigenic structures like outer membrane proteins making use of both chromosomal and 
plasmid-associated virulence determinants that are temperature-dependent, like yad, yop, inv, ail 
and yst (6). This activity is studied as “hot-cold” cycle of transmission in which the pathogen may 
regulate the synthesis of protein copy numbers in response to temperature changes. It seems that 
when the bacterium contaminates an environmental source as food or water, it is more efficient in 
adhering to and invading mammalian cells, expressing invasin. At the same time, the bacterium 
down regulates ail, another chromosomal adherence and invasion factor, that is, on the contrary, 
maximally expressed at 37°C. After adaptation to the host temperature the pathogen up regulate the 
synthesis of plasmid virulence factors favoring serum resistance to serum and  phagocytosis (36).  
After ingestion, the enteric pathogen needs to colonize the intestinal tract but to achieve this state 
the microbe must survive the gastric acid barrier. This is possible tanks to the ureolytic activity 
metabolizing urea molecules to CO2 and ammonia that elevates the cytoplasmic pH in the bacterial 
cells. The rapid responses of bacteria to changes in pH are carried out by urease enzyme that is 
rapidly activated by low pH-conditions and allow Y. enterocolitica to survive buffered acidic 
conditions as low as pH 1.5 for long periods of time (95). After going through stomach, the microbe 
must traverse the intestinal lumen, attach to and penetrate the mucus layer overlying mucosal 
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epithelial cells, and finally colonize the intestinal tract adhering to cell brush border membranes. 
Mantle and coworkers (96) have shown that plasmid-bearing Y. enterocolitica strains bind to rabbit 
and human intestinal mucins better than plasmid-cured non-virulent strains. This observation 
confirmed those of Paerregaard et al. (48) which demonstrated that the ability to adhere to mucus 
correlated closely to expression of YadA and that the bacteria are able to metabolize mucin and 
some other constituents of mucus. Even if the last Author supposed that the interaction of the 
bacterium with intestinal mucus may reflect a host defense system, the exact mechanism through 
which mucin adherence occurs is still unknown (36).  
Following ingestion and having traversed mucus, virulent yersiniae localize to the distal small 
intestine and proximal colon, where they are able to implement their pathologic effects. For this 
purpose, the mucosal epithelial cells attachment is enhanced through the plasmid encoded YadA 
protein, showed to be able to mediate binding to HEp-2 cells and intestinal brush border membranes 
(48, 56). Additionally, the adhesion of Y. enterocolitica to enterocytes could be promoted also by 
MyfA since it is produced in acidic ambient and it forms fibrillae on the bacterium surface that are 
resistant to gut proteases (97). After adhesion, intestinal epithelial cell invasion is required for a 
fully virulence activity and was recognized that the invasion factor invasin, encoded by inv, is 
necessary for invasion of HEp-2 cells (63). This outer membrane protein directly initiates cell 
penetration by binding with extraordinarily high affinity to integrins that have the β1 chain (59). 
The expression of these receptors was demonstrated in the apical membranes of M-cells 
(specialized cells in the follicle-associated epithelium of Peyer’s patches involved in antigen 
uptake) but not in enterocytes (98). As a matter of fact, Clark et al. (98) showed that an invasin-
deficient mutant was significantly attenuated for M-cell adhesion and their colonization potential 
for Peyer’s patches is considerably reduced. These data confirm the well documented observation 
that M cells, but not absorptive cells, are shown to participate in the bacterial uptake (99). In fact, 
the Authors studied the distribution, adhesion and invasion in mice intestine of viable Yersinia 
enterocolitica and observed the differences between pathogenic and plasmidless strains: even if 
bacteria adhering to the epithelium of Peyer's patches were distributed randomly, invasion did not 
occurred in the absorptive epithelial cells whilst binding to M-cells resulted in the uptake of the 
bacteria and their transport into the Peyer's patch dome. Moreover, the phagocytic activity of M-
cells prove to be a positive virulence factor for the pathogenic strain, which resists elimination in 
the lamina propria by phagocytes, but a negative factor for the subsequently eliminated apathogenic 
strain (99). Although invasin seems to play a central role in Y. enterocolitica infection, it was 
showed that dissemination from the small intestine to the spleen can have also an invasin-
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independent route (100). A second chromosomal gene locus, ail, encodes a factor that also 
promotes the invasion of epithelial cells (58) and, moreover, derived Y. enterocolitica strains 
lacking chromosomal sequences homologous to the ail gene are avirulent and are not associated 
with human disease (63). Once attached and penetrated into M cells, virulent strains establish 
infection in the lamina propria and Peyer’s patches. According to a intradermal rabbit model study 
of Lian et al (101), only plasmidbearing strains of Y. enterocolitica are resistant to phagocytosis and 
are able to multiply in the lamina propria so that even if plasmid-negative strains invade colonic 
mucosa these are readily phagocytized by polymorphonuclear leukocytes and mononuclear cells. 
This resist capacity is due to the synthesis of YadA outer membrane protein at 37°C (48). In 
addition to functioning in adhesion and invasion processes, YadA and Ail can individually or in 
concert help Y. enterocolitica to evade complement-mediated clearance in the human host binding 
the C4bp receptors (102). After invasion process, pathogenic Y. enterocolitica needs to preserve 
themselves from macrophages, neutrophilis and dendritic cells by expressing an antiphagocytic 
strategy mediated by Yersinia type III secretion system. The injectisome deliver into the cytosol of 
target host cells the effectors Yops that disrupt the dynamics of the cell cytoskeleton, incapacitate 
phagocytosis, turn down the production of proinflammatory cytokines until cause the host 
apoptosis, thus raising the bacterial survival (45, 103).  
Finally, the bacteria reach the lymphoid tissues in the terminal ileum and multiple in Peyer’s 
patches raising inflammatory response. Although systematic involvement is unusual for Y. 
enterocolitica, high pathogenic strains carring iron capturing siderophore yersiniabactin may cause 
systemic yersiniosis in particular in patients with hemosiderosis due to iron overload or cirrhosis 
(84).  
After gastrointestinal infection, bacteria gain access to the circulation carried in lymphatic cells or 
in blood and might be transported to the joint. In this locus bacteria are able to enter in synovial 
cells and to replicate or are killed. At any rate, cells degradation lead to “ghosts” possessing 
lipopolysaccharide but not DNA, bringing possible diagnostic mistakes. This material is slowly 
degraded causing an accumulation of arthritogenic substance and it result, by mediation of the 
immune system, in reactive arthritis, especially in HLA B27 tissue type positive patients(104).  
Another possible sequel associated to the Y. enterocolitica infection is the Grave’s disease, an 
autoimmune thyroid disease characterized by the production of autoantibodies that bind to the TSH 
receptor and cause hyperthyroidism. Recently, Wang et al. (105) suggested that the outer membrane 
porin F protein (ompF) in Y. enterocolitica is involved in the pathogenesis of Grave’s disease 
through molecular mimicry, indeed they found and confirmed that ompF presents an epitope, 
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located at the surface of the protein in a prominent position with good accessibility, which was 
recognized by TSH receptor autoantibodies in the serum of Grave’s disease patients and was similar 
to TSH receptor.  
 
Symptoms 
 
Illness caused by Yersinia enterocolitica usually consists of self limiting gastroenteritis. The most 
prevalent symptoms are abdominal pain and diarrhea resembling gastroenteritis caused by other 
enteric pathogens. Other appearances such as fever, nausea and vomiting sometimes can also occur. 
If pathogenic strains invade lymph system and the infection is characterized by terminal ileitis or 
mesenteriel lymphadenitis, the symptoms of fever and abdominal pain are often indistinguishable 
from those of acute appendicitis (Table 3) (36, 106). The colon may also be affected and the 
possible involvement of Y. enterocolitica in Crhon’s disease is still not so clear (107-109). 
Fortunately, intestinal infection rarely evolve in surgical complications due to abscess and ileum 
perforation (110). The incubation period of intestinal yersiniosis is about 3 to 7 days and the 
infection most frequently involve infants and young children (1 – 3 years of age) which may report 
also invasive diarrhea with mucus and blood in stools and other appearances such as fever, nausea 
and vomiting for a period of about 3 to 28 days (111). On the other hand, illness in adults is not 
common and usually present fever, diarrhea and abdominal pain localized to the right lower 
quadrant for 1 to 2 weeks. Untreated patients shed bacteria in feces during a period of about 2 to 3 
weeks but sometimes may remain infectious for months (112). Persistent infections, particularly 
caused by Y. enterocolitica serogroup O:3, may also cause extraintestinal sequelae, such as Reiter’s 
syndrome, reactive arthritis, erythema nodosum and glomerulonephritis mainly in patients 
possessing the histocpmpatibility gene HLA-B27 (36, 113, 114). Another complication in Y. 
enterocolitica infection may be Grave’s disease hyperthyroidism, an autoimmune thyroid disorder 
due to high titers of polyclonal autoantibodies to the TSH receptor wich inhibit the binding of TSH 
and mimic the metabolic and growth-promoting effects of TSH (105, 115). Despite this pathogen 
usually cause not serious gastroenteritis, it is nevertheless a prominent cause of life-threatening 
post-transfusion infection with an fatality rate of 54.5% (116-118). Apart these cases, bacteremic 
forms are rare and almost exclusive associated with patients in iron overload, for example resulting 
from metabolic disorders hemochromatosis, hemosiderosis or betathalassemia, or treated with the 
iron-chelating agent desferrioxamine (84, 119, 120). 
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Table 3: Clinical spectrum of Y. enterocolitica infections (36). 
Clinical spectrum of Y. enterocolitica infections 
Gastrointestinal • Enterocolitis, especially in young children, concomitant bacteremia may also be 
present 
• Pseudoappendicitis syndrome (children older than 5 years; adults): acute mesenteric 
lymphadenitis; terminal ileitis 
Septicemia • Especially in immunosuppressed individuals and those in iron overload or being 
treated with desferrioxamine 
• Transfusion related 
Metastatic infections 
following septicemia 
• Focal abscesses in the liver, kidneys, spleen and lungs 
• Cutaneous manifestations, including cellulitis, pyomyositis, pustules and bullous 
lesions 
• Pneumonia, cavitary pneumonia 
• Meningitis  
• Panophthalmitis  
• Endocarditis, infected mycotic aneurysm 
• Osteomyelitis  
Postinfection sequelae • Arthritis 
• Myocarditis  
• Glomerulonephritis  
• Erythema nodosum 
Pharyngitis   
 
 
Antimicrobial therapy is not usually considered if enterocolitis is localized enteritis, but in severe 
systemic forms antimicrobials are useful. The antimicrobial susceptibility of Y. enterocolitica is 
serogroup-specific. Serogroups O:3 and O:9 present generally a greater pannel of antimicrobial 
resistance to penicillin. Cephalosporinase or penicillinase activities are generally expressed by all 
isolates due to the chromosomally-mediated production of beta-lactamase but they are sensible to 
third generation cephalosporins such as ceftriaxone and cefotaxime (112, 121, 122). Antimicrobial 
agents usually active in vitro and clinically against this pathogen also include trimethoprim-
sulfamethoxazole, chloramphenicol, newer fluoroquinolones such as ciprofloxacin and ofloxacin, 
tetracycline hydrochloride, doxycycline, aminoglycosides, imipenem and aztreonam (36, 123). 
Recently a study of Sihvonen et al. (124) indicated that most of the suspected outbreaks strains were 
multiresistent to antimicrobial, in particular ampicillin, chloramphenicol, streptomycin and 
sulfonamide and  showed that the last three resistance were carried on a conjugative plasmid.  
 
Foodborne outbreaks 
 
Most Yersinia enterocolitica infections are sporadic and seasonal variation has been noted 
throughout the world with a tendency to occur during winter months in colder climates (112). 
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Yersinia infections have been observed on all continents but appear to be most common in Europe 
(6). During 2004–2009, the EU member states and Norway reported 9–51yersiniosis outbreaks 
caused by Yersinia spp. per year, with 22–604 people falling ill and 5-24 persons admitted to 
hospital (Table 4). Moreover, numerous outbreaks have occurred worldwide (Table 5). 
 
 
Table 4: Number and characterization of the outbreaks occurred in Europe during 2004-2009 (1, 125-128). 
Year No. outbreaks No. persons affected No. admitted to hospital 
2004 51 182 5 
2005 9 22 7 
2006 26 604 15 
2007 n.a. n.a. n.a. 
2008 22 101 24 
2009 17 101 8 
 
 
In the 1970s and 1980s, various outbreaks of bioserotype 1B/O:8 were described in the United 
States. For example, an outbreak involved 239 (53%) of 455 campers and staff members at a coed 
summer camp in New York, seven of which require hospitalization. Moreover, five patients had 
appendectomies before the disease was identified as yersiniosis. The same serogroup and biogroup 
was isolated from humans, a milk suspension made from powdered milk, a milk dispenser, and 
turkey chow mein (129). In the following years biserotype 1B/O:8 seemed to be replaced by 
bioserotype 4/O:3. The handling of pig intestine for the preparation of chitterlings, was associated 
with an outbreak caused by this bioserotype among black Americans infants (111). Indeed, 
exposure to the preparation of chitterlings was confirmed as a substantial factor for disease in 
infants (130). Recently, serotype O:8 re-emerged as an outbreak strain in Japan involving 42 
nursery school children with fever (100%), abdominal pain, particularly near the end ileum (56%), 
diarrhea (37%) and vomiting (12%). Moreover, isolates from patients and a mixed salad served few 
days before the reported case to the authority yielded identical pulsed-field gel electrophoretic 
pattern (131).  
It is interesting to note that although the primary reservoir of pathogenic Y. enterocolitica is swine, 
many outbreaks have implicated milk or milk products. For example, it seems that an outbreak of Y. 
enterocolitica O:8 infections occurred in the Upper Valley of Vermont and New Hampshire was 
associated with the consumption of bottled pasteurized milk from a local dairy, even if the exactly 
route of contamination was not determined (132). Another culture-confirmed case of infection 
associated with pasteurized milk has been reported in Pennsylvania in July 2011 (133).  
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In February 2006, the first outbreak of Y. enterocolitica O:9 in Norway was investigated and 
involved 11 persons. Epidemiologic and microbiologic findings suggested brown, a traditional 
Christmas ready-to-eat pork product prepared by cooking layered pork meat (precooked head 
muscles), veal, lard, and spices in a mold, as the probable source (134). Another singular outbreak 
that we could remember occurred in January 2002 on an oil tanker during its return test voyage 
from Split, Croatia to Trieste and involved 18% of the crewmembers and workers (135). 
In March 2011 an investigation was carried out to study a possible outbreak involving 21 cases of 
Y. enterocolitica O:9 infection with similar profiles produced by MLVA (multiple-locus variable 
number tandem repeats analysis). In this case the possible source of these geographically 
widespread cases was bagged salad mix containing “radicchio rosso” imported from Italy. As a 
result of the investigation, the products of a specific brand were voluntarily withdrawn from the 
market by the producer (136). 
 
 
Table 5: A selection of infection outbreaks caused by Y. enterocolitica.  
Country Year Cases Bio/serotype Source/vector Reference 
Japan 1972 198 O:3 Not identified Zen-Yoji and Maruyama 1972 
Japan 1973 189 O:3 Not identified Asakawa et al. 1973 
Japan 1973 544 O:3 Not identified Asakawa et al. 1973 
Finland 1973 7 O:9 Hospital patients Toivanen et al. 1973 
North Carolina, 
US 
1973 16 O:8 Dog1) Gutman et al. 1973 
Czechoslovakia 1975 15 O:3 Not identified Olsovský et al. 1975 
Canada 1976 138 O:5,27 Non-pasteurized milk1) deGrace et al. 1976, Kasatiya 
1976 
New York , US 1976 38 O:8 Chocolate milk Black et al. 1978 
Japan 1980 1,051 O:3 Milk Maruyama 1987 
New York, US 1981 239 O:8 Powdered milk, chow mein Shayegani et al. 1983 
Washington, 
US 
1981 50 O:8 Tofu and untreated spring 
water used to wash tofu at 
plant 
Tacket et al. 1985 
Pennsylvania, 
US 
1982 16 O:8 Bean sprouts immersed in 
contaminated well water 
Aber et al. 1982 
Southern US 1982 172 O:13a, 13b Pasteurized milk 
(statistically associated)1) 
Tacket et al. 1984, Toma et al. 
1984 
Finland 1982 26 O:3 Not identified (contaminated 
food eaten in canteen  
suspected) 
Tuori and Valtonen 1983 
Hungary 1983 8 O:3 Brawn Marjai et al. 1987 
Canada 1984 2 4/O:3 Well water Thompson and Gravel 1986 
Australia 1987
- 88 
11 O:3; O:6,30 Not identified Butt et al. 1991 
Georgia, US 1988 15 O:3; O:1,2,3 Handling of raw pork 
intestines (chitterlings) 
Lee et al. 1990 
Sweden 1988 61 O:3 Milk, cream1) Alsterlund et al. 1995 
Vermont, US 1995 10 O:8 Pasteurized milk1) Ackers et al. 2000 
 
23 
 
Country Year Cases Bio/serotype Source/vector Reference 
India 1997 25 4/O:3 Water (used to dilute 
buttermilk consumed at a 
feast) 
Abraham et al. 1997 
Tennessee, US 2001
- 02 
12 4/O:3 Handling of raw pork 
intestines (chitterlings) 
(statistically associated)1) 
Jones et al. 2003 
Croatia-Italy 
(oil 
tanker) 
2002 22 O:3 Not identified Babic-Erceg et al. 2003 
Finland 2003 12 4/O:3 Not identified (contaminated 
food eaten in workplace 
canteen suspected) 
Anonymous 2004 
Japan 2004 42 O:8 Salads (containing apples, 
cucumber, ham, potatoes, 
carrots and mayonnaise) 
Sakai et al. 2005 
Norway 2005 4 4/O:3 Homemade Christmas brawn Tafjord Heier et al. 2007 
Norway 2005
- 06 
11 2/O:9 Homemade Christmas 
brawn2)/pork chops 
Grahek-Ogden et al. 2007, 
Stenstad et al. 2007 
Norway 2011 21 2/O:9 Bagged sald mix contain  
radicchio rosso (statistically 
associated)1) 
E MacDonald et al. 2011 
Adapted from Hallanvuo (137). 
1) Disease agent could not be isolated from suspected source 
2) Suspected vehicle was positive in PCR testing but disease agent could not be isolated 
 
Occurrence of human enteropathogenic Y. enterocolitica in animals and foods 
 
Wild, domestic, and pet animals have been suspected as reservoirs for enteropathogenic Yersinia. 
Pigs are considered the major reservoir for Y. enterocolitica infections in humans; indeed, they are 
often asymptomatic carriers of strains of bioserotypes 4/O:3 and less frequently biotype 2 (serotype 
O:9 and O:5,27). The observed prevalence of Y. enterocolitica in pigs in different countries varies 
(8, 138-147). The organisms are frequently isolated from the oral cavity, especially from the tonsils, 
submaxillar lymph nodes, intestines and feces of pigs (138). Experimental infection of pigs has 
shown that Y. enterocolitica is isolated more commonly and remains longer in tonsils than in feces; 
this evidence underlines the importance of the removal of this tissue during the slaughter process 
(148). As a consequence, edible offal such as tongues, hearts and livers are more frequently and to a 
greater extent contaminated than pig carcasses. Anyway, during the slaughter process, the surface of 
carcasses may become contaminated if heads are disposed of improperly and as a result of spread of 
the organism via feces, intestinal contents and the tonsils according to differences in slaughter 
techniques. Although this fact, it was showed that bagging of the rectum with a plastic bag reduced 
carcass contamination significantly with pathogenic Y. enterocolitica, even if this preventive action 
alone was insufficient to completely prevent the carcass contamination (112, 149). Meat inspection 
procedures concerning the head, in particular incision of submaxillary lymph nodes, also seem to 
24 
 
represent a cross-contamination risk in slaughterhouse (150). Thus, raw pork might be an important 
source of Y. enterocolitica bioserotypes 4/O:3 and Fredriksson-Ahomaa et al. (7) reported that most 
of the human strains were genetically indistinguishable from the strains isolated from tongues, 
livers, kidneys and hearts of pigs when characterized with three enzymes PFGE. 
Other reservoirs of Y. enterocolitica infection include a variety of wild animals, wild boars in 
particular but also birds and rodents, domestic animals like goats and cattle, and pet animals, most 
of the times apparently healthy (91, 138, 140-142, 147, 151-157). Moreover, since cattle can be 
asymptomatic carriers of this bacterium, in some cases, nonspecific reactions caused in particular 
by serotype O:9 could be source of confusion in the serological control programs for the eradication 
of animal brucellosis. Indeed, Y. enterocolitica serotype O:9 has the O-antigen of LPS really similar 
to Brucella and can produce high serological antibody level similar to that generate during 
brucellosis infection causing false positive reaction to the Rose Bengal Plate and Complement 
Fixation tests used as screening and individual assay, respectively, for the brucellosis diagnosis 
(138, 158). Most of the Y. enterocolitica strains isolated from wild and domestic animals other than 
pigs are apathogenic although, for example, some studies confirm the possibility that raw pork can 
be an important source of bioserotype 4/O:3 strains infections in dogs and cats and that other 
animals other than pigs could be possible infection sources for humans (93, 94). Moreover, it was 
described two fatal cases of Y. enterocolitica bioserotype 4/O:3 infection in monkeys in which the 
ingestion of raw pork could have been the infection source (159).  
Contaminated pork or pork products account for a large portion of yersiniosis infection worldwide, 
indeed pathogenic Y. enterocolitica has been isolated from this kind of food, even if not so much as 
frequently as from pigs (7, 146, 160-167). Pathogenic strains of different origins have also been 
isolated in a butcher shop from the worktable and chain glove, so that cross-contamination could be 
possible at the retail level if good manufacturing practices are not followed (168). Although most of 
attention is posed in pork, this organism is fairly prevalent and can be isolated from a variety of 
others foods. For example, Y. enterocolitica strains have been isolated from milk, also pastorized, 
and from dairy products. Sometimes, these foods have been implicated in outbreaks caused by Y. 
enterocolitica biotype 1B (132, 169-172). Since Y. enterocolitica is not thermotolerant and since 
pasteurized milk constitutes an ideal growth medium for this psychrotrophic bacterium, a post-
pasteurization contamination, for example addition of contaminated ingredients or pollution of the 
exterior of the bottles, or contamination of the final product by raw milk, could be a possible via of 
contamination (138).  
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Y. enterocolitica have also been found in a variety of foods, for example beef, poultry, fish 
products, eggs, mushrooms, carrots, lettuce and mixed salad (9, 136, 164, 166, 173-177); most of 
these isolates has been non-pathogenic strains and only rarely present virulence factors. In these 
cases cross-contamination from raw pork products during processing, packaging or handling have 
could be occurred.  
Investigation of environmental water reported the presence of Y. enterocolitica although usually 
nonpathogenic bioserotypes have been isolated (140, 178, 179). However, in an epidemiological 
study in Norway, drinking water has been reported to be a risk factor for sporadic infections (180). 
 
Y. enterocolitica biotype 1A: really not pathogenic? 
 
Y. enterocolitica biotype 1A is a heterogenic group of strains representing different serotypes and 
occupying a wide range of environmental niches. They are isolated from a vast array of animals 
including cattle, sheep, pigs and rodents. These are also frequently found in various kinds of foods, 
for example in pork, poultry, packaged meat, vegetables, seafoods and milk (73). Biovar 1A strains 
lack pYV plasmid (plasmid for Yersinia virulence) and the major well-known chromosomal 
determinants of virulence. Consequently, this biotype has traditionally been designated as non-
pathogenic. However, biotype 1A strains have also been reported to be linked to gastroenteritis or 
potentially pathogenecity (73, 92, 181-185). Some of these have been implicated in food-borne and 
nosocomial outbreaks. In England an outbreak involving two episodes occurred on a single ward of 
a district hospital was reported (186). On 1985 Y. enterocolitica biotype 1A serotype O:10K was 
isolated from 19 pediatric inpatients over a period of three months. The patients did not carry 
Salmonella, Shigella, Campylobacter, enteropathogenic Escherichia coli and rotavirus. Shortly 
afterwards, within one month, Y. enterocolitica biotype 1A serotype O:6,30 was recovered from 
other 17 hospitalized children. Epidemiological evidence indicated that contaminated pasteurized 
milk supplied to the ward was the source of the infection. Further outbreak of Y. enterocolitica 
gastroenteritis was reported from Australia and also in this case milk was suspected to be the source 
of infection (187). Nosocomial outbreaks of gastroenteritis were described in Canada (188) and in 
the United Kingdom (189) attributed to a strain of bio-serotype 1A/O:5 and 1A/O:6,30 respectively. 
The stool cultures of control populations, included the hospital staffs, were negative for Y. 
enterocolitica. In addition to these outbreaks some studies form several countries have reported 
isolation of Y. enterocolitica biotype 1A from stools of diarrheic patients (Table 6).  
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Table 6. Isolation of Y. enterocolitica biovar 1A from diarrheic patients (190). 
Period/Year Country Biovar 1A 
strains 
Serotypes (n) Reference 
1963-1975 Belgium 23 of 1781 O:6(14); O:7,8(2); O:10(3); O:16(2); 
NAG 
Vandepitte and 
Wauters 1979 
1966-1972 Canada 13 of 256 O:5; O:6,30(6); O:12,25; O:34; 
NAG(4) 
Toma and Lafleur 
1974 
1966-1977 Canada 106 of 977 O:4;33(2); O:5(7); O:6,30(25); 
O6,31(4); O:7,8(2); O:7,13(5); 
O:8,19; O:11; O:12,25; O:16(3); 
O:16,29(3); O:34(3); NAG(49) 
Toma et al. 1979 
1967-1977 France 21 of 169 O:6(11); O:7,8(3); O:10Kl(3); O:11; 
O:12; O:13,7; O:16 
Alonso et al. 1979 
1968-1975 USA 16 of 24 O:5(5); O:6(2); O:8; O:10(2); O:11(2); 
O:13(3); O:16 
Bisset 1976 
1968-1977 USA 4 of 33 O:6(2); O:11; O:13,7 Bisset 1979 
1970-1980 USA 44 of 100 O:5(2); O:5,27; O:6(6); O:6,28; 
O:6,30; O:6,31(2); O:7,8(2); 
O:7,8,13(3); O:7,13; O:11,13; 
O:11,23(2); O:13,18(2); O:14; O:19; 
O:19,16; O:34; NAG(16) 
Kay et al. 1983 
1972-1977 USA 25 of 68 O:5(4); O:6(5); O:7; O:19(2); 
NAG(13) 
Quan 1979 
1975-1977 Canada 36 of 157 O:5(3); O:6,30(6); O:6,31(3); O:7,8; 
O8,19; O:10; O:13,7(3); O:16; 
NAG(17) 
Caprioli et al. 1978 
1976-1977 New York 14 of 52 O:5(2); O:6,31(3); NAG(9) Shayegani et al. 1979 
1976-1980 USA 46 of 120 O.3; O:4,33(3); O:5(4); O:6,31(9); 
O:7,8(4); O:12; O:12,25(2); O:14; 
O:18; O:25(3); O:31; NAG(16) 
Shayegani et al. 1981 
1978 S. Africa 2 O:5; O:6 Robins-Browne et al. 
1979 
1978-1983 Japan 43 of 161* O:5; O:6; NAG Fukushima et al. 1985 
1978-1985 Italy 131 of 403 O:4(7); O:4,10,16(10); O:4,16(4); 
O:4,32(4); O4,33(6); O:5(6); O:6(23); 
O.7,8(18); O:10,16(4); O:10K134(9); 
O:16(4); NAG(6); others(30)  
Chiesa et al. 1987 
1978-1989 USA 125 of 277 O:25(22); O:6,30(26); O:6,31; 
O:7,8(15); O:12,25(5); O:12,26; 
O:7,13(9); O:34(2); O:36(5); 
O:41,42(13); O:41,43;O:46(2); 
O:50,51; O:49,51 
Bissett et al. 1990 
1978-1989 Italy 3 of 10 O:7,8,13,19; O:39,41,42,43; O:49,51 Nanni et al. 1991 
1979 Czechoslovakia 16 of 57 O:5 (9); NK (7) Aldova and 
Laznickova 1979 
1979-1989 Belgium 1428 of 16226 NT Verhaegen et al. 1991 
1980/1978 USA 2 of 5 O:6,30(2) Marymont et al. 1982 
1981-1990 Republic of 
Georgia 
53 of 84 O:1,2,3(3); O:5(13); O:6(2); 
O:6,30(8); O:6,31(2); O:7,13(2); 
O:10(2); O:10,46(8); O:14; O:16; 
O:38(3); O:41,42(2); O:41,43(2); 
O:42,43(2); O:65; O:78 
Sulakvelidze et al. 
1996 
1981-1985 Italy 1 of 35 O:6 Mingrone et al. 1987 
1982-1985  Canada 120 of 127 O:5(16); O:6,30(16); O:6,31(2); 
O:7,8(17); O:7,13(13); O:16(2); 
O:16,29; O:34(4); O:41(2); 
O:41,42(8); O:41,43(8); O:46(9); 
O:52; NAG(21) 
Noble et al. 1987 
27 
 
 
Period/Year Country Biovar 1A 
strains 
Serotypes (n) Reference 
1982-1991 The 
Netherlands 
28 of 206* O:6,3(4); O:7,8(12); NAG(12) Stolk-Engelaar and 
Hoogkamp-Korstanje 
1996 
1983 Finland 2 of 46 O:6; O:7 Skurnik et al. 1983 
1984 Bangladesh 1 O:7,8 Butler et al. 1984 
1984-1993 UK 1246 of 1390 NT Greenwood 1995 
1986 UK 26 of 52 O:5,27(10); O:6,30(5); O:7(2); O:34; 
NAG(8) 
Lewis and 
Chattopadhyay 1986 
1986-1992 Canada 23 of79* O:5; O:6,30; O:7,8; NT Cimolai et al. 1994 
1987 UK 72 of 77* O:6,30; O:7; NT Greenwood and 
Hooper 1987 
1988-1991 Eastern Nigeria 3 of 9 O:6(3) Onyemelukwe 1993 
1988-1991 Georgia 2 of 76* NAG(2) Metchock et al. 1991 
1988-1993 New Zealand 21 of 918 NAG(21) Fenwick and 
McCarthy 1995 
1991 Australia 24 of 100 O:5 Pham et al. 1991 
1991-1996 The 
Netherlands 
- O:5(7.5%); O:6(5%); O:6,30(1.5%); 
O:7,8(4%); O:7,13(1%) 
van Pelt et al. 2003 
1995-2000 USA 74 of 126 NK Scheftel 2002 
1992-1994 Switzerland 26 of 71 NK Burnens et al. 1996 
1996-2003 California 4 of 22 NK Shin et al. 2005 
1999-2000 Great Britain 87 of 164 O:3; O:4,32(3); O:5(13); O:5,27; 
O:6,30(11); O:6,31(4); O:7; O:8(5); 
O:10K1(2); O:13,7; O:19,8(6); 
O:41,43(6); O:36(2); O:46; O:48; O 
Rough; NAG(28) 
McNally et al. 2004 
2000-2003 India 36 O:6,30(19); O:6,30-6,31(8); NAG(9) Singh et al. 2003 
2000 Canada 54 of 655 O:5(9); O:5,27; O:6,30(3); O:6,31(2); 
O:7,8(3); O:7,13(6); O;41,42(6); 
O:41,43(7); NT(5); NK(12) 
Demczuk et al. 2001 
2001 Canada 69 of 804 O:5(5); O:5,27(2); O:6,30(4); 
O:6,31(2); O:7,8(11); O:7,13(3); 
O:34; O:36; O:41,42(5); O:41,43(3); 
NT(9); Rough(3); NK(20) 
Demczuk et al. 2004 
2004 Australia 24 of 96 O:5 Ashbolt et al 2005 
2006 Finland 302 of 386 O:5(42); O:8(56); NK(204) Sihvonen et al. 2009 
* Number of patients positive for biovar 1A strains out of the total patients tested/positive. 
Number in parentheses indicate the number of isolates recovered; if only one isolate of a serotype was recovered, it is 
not indicated in parentheses. 
NAG: non-agglutinable; NK: not known; NT: not tested. 
 
 
Even if strains of this biotype have been isolated from symptomatic and asymptomatic humans, 
some case-control studies showed relevant association between gastrointestinal disease and 
presence of this “non-pathogenic” biotype. Morris et al. (191) reported the presence of 1A strains in 
feces of seven children with diarrhea but from no control children in the same birth cohort and a 
recent case-control study registered that 65% of Y. enterocolitica isolated from diarrheic patients in 
Finland were identified as biotype 1A (183). This Author reported that symptoms of patients with Y. 
28 
 
enterocolitica biotype 1A differed from those of pathogenic biotypes by having less often fever and 
reactive arthritis and more often vomiting. In contrast, Burnens et al. (181) reregistered no 
significant differences in clinical signs and symptoms of patients infected with biogroup 1A and 
pathogenic biogroup, except for the fact that pathogenic Y. enterocolitica predominated in children 
below the age of 3 years.  
A wide range of serotypes have been identified in Y. enterocolitica biotype 1A (Table 7), in 
particular O:5, O:6,31, O:7,8, O:10 and non-agglutinable (NAG) strains occur most often; however, 
some serotypes common in pathogenic biotype like O:3, O:5,27, O:8 and O:9 can be found in 
biotype 1A. 
 
 
Table 7. Different O-antigenic types detected in Y. enterocolitica biovar 1A. Modified from Bhagat and Virdi (190). 
Biotype Serotypes 
1A O:4; O5; O:6,30; O:6,31; O:7,8; O:7,13; O:8; O:10; O:14; O:16; O:19,8; O:21; O:22; 
O:25; O:36; O:37; O:41,42; O:41,43; O:46; O:47; O:57; O:63; O:65; O:66; O:72; NAG 
NAG: non-agglutinable 
 
 
Y. enterocolitica biotype 1A strains are often considered as avirulent because they lack pYV 
plasmid and the major chromosomal determinants; however, some studies demonstrated the 
presence of some virulence genes and abilities. Actually, only very rarely yadA gene, a plasmid-
borne virulence gene, was found in these non-pathogenic strains (192, 193). Y. enterocolitica can 
produce three types of heat-stable enterotoxins encoded by the ystA, ystB and ystC genes (74) and 
usually the known pathogenic biovars (1B, 2-5) produce YstA whereas the incidence of YstC was 
rare. Most biovar 1A strains carry the ystB gene and some Authors reported incidence of about 80% 
(182, 192, 194). Singh and Virdi (195) in a study involving 259 Y. enterocolitica biotype 1A strains 
reported that all the clinical and 96.3% of the swine isolates of Y. enterocolitica biotype 1A 
hybridized with the probe for the ystB gene. Furthermore, only these strains were able to produce 
enterotoxin under temperature and pH conditions similar to those present in the ileum. These results 
indicted that YstB was the major contributor to diarrhea produced by biotype 1A strains of Y. 
enterocolitica. However, not all ystB-positive strains produced enterotoxin (194, 195). ystA and 
ystC genes have been detected only rarely in biotype 1A (74, 192-194, 196, 197).  
In the known pathogenic biotype, the adhesion and invasion of epithelial cells depend on the inv 
(invasion) and ail (attachment invasion locus) chromosomal genes. The first one was usually found 
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in all biotype 1A strains (193, 197) but Pierson and Falkow (62) concluded it is non-functional. 
Dissimilar, the ail gene has been reported to be present only rarely in non-pathogenic biotype (192-
194, 196-200). However, some in vitro studies (185, 194, 201) showed the ability of Y. 
enterocolitica biotype 1A isolates to adhere and invade HEp-2, CHO and T84 cells. All the tested 
strains are able to adhere to cultured epithelial cells without significant differences between strains 
of clinical and non-clinical origin. Similar results were obtained for the invasion from McNally et 
al. (185), in contrast others study (194, 201) reported that clinical strains exhibited invasion 
significantly more than non-clincal strains. Among non-clinical isolates these of swine origine 
showed a significantly greater level of invasion than water isolates (201). Moreover, Grant et al. 
(194) observed that invasive clinical biotype 1A isolates were localized within vacuoles suggesting 
these may invade cells by a novel mechanism which differs from that employed by pYV-bearing 
strains. 
To further elucidate the interaction between biotype 1A and cells in vitro, McNally et al. (202) 
constructed a flagella mutant in a human faecal Y. enterocolitica biotype 1A isolate and reported 
that this mutant was attenuated in its ability to invade cultured epithelial cells and to survive within 
cultured human macrophages. It is well known that virulence plasmid encoded Yops (Yersinia 
outermembrane proteins) by the pathogenic biovars provide protection against phagocytosis. Biovar 
1A strains lack pYd plasmid and these are only partly resistant to the bactericidal effects of human 
polymorphonuclear leukocytes (PMNs) with no differences in susceptibility to killing between 
clinical and non-clinical strains. Despite this evidence, the non-pathogenic biotype is able to persist 
within macrophages and it seems to protect against destruction due to PMNs and complement 
(203). Although Grant et al. (203) reported that strains isolated from symptomatic humans were 
significantly more resistant to killing by IFN-γ activated murine macrophages than non-clinical 
strains, McNally et al. (185) did not found any statistical differences in levels of intramacrophage 
survival between biotypes or source using human macrophage-like cell lines. Moreover, biotype 1A 
isolate from symptomatic humans were able to escape from macrophages and epithelial cells 
without cytolysis whilst most biotype 1A non-clinical strains remained intracellular (203). 
Differences in pathogenic ability between clinical and other source origin 1A strains are reported 
also in animal model infection study based on inoculated perorally mice (194). On the other side, in 
vitro organ culture (IVOC) study (185) showed that all of the biotype 1A strains tested were capable 
of colonizing porcine terminal ileum and spiral colon tissues although animal strains at higher 
numbers than the human isolates (185). According to these data, there may be differences in tissue 
tropism between strains, but further works are required.  
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Y. eterocolitica biotype 1A is quite heterogeneous according to various molecular typing techniques 
such as pulsed-field gel electrophoresis (PFGE) (196, 204), randomly amplified polymorphic DNA 
(205), comparative phylogenomics (41) and enterobacterial repetitive intergenic consensus 
(ERIC)/PFGE (197). Comparison studies reported that the discriminatory ability of PFGE seems to 
be higher than the ERIC-PCR (Enterobacterial Repetitive Intergenic Consensus-PCR) technique 
(197) and MLVA was able to discriminate the strains better than others techniques such as ERIC-
PCR, rep-PCR (Repetitive Elements-PCR), REP-PCR (Repetitive Extragenic Palindromic-PCR), 
gyrB-RFLP (Restriction Fragment Length Polymorphism), PCR-Ribotyping, ribotyping (206). 
Although this genotyping variability, there is no close correlation between serotypes and genotypes, 
as a matter of fact it was observed that strains with different serotypes (O-antigen) types produced 
identical electrophoretic or restriction types and were closely related genetically. Also, in some 
cases, same O-antigen was shared by strains that were different genotypically. Thus, there is 
evidence of O-antigen switching in strains of Y. enterocolitica (207, 208). Biotype 1A is more 
diverse in terms of its genotypes than pathogenic biotypes (196, 204, 209). Moreover, the food 
origins strains seem to be more heterogeneous both among themselves and relatively to those 
obtained from humans and animals (197, 204, 210). Despite to this heterogeneity when genotyping 
data is analyzed by cluster Y. enterocolitica biotype 1A strains were grouped into few groups. 
Repetitive elements sequence-based PCR (rep-PCR) fingerprinting (210), 16S-23S intergenic 
spacer (IGS) region and gyrB restriction fragment length polymorphism (211) and multilocus 
variable number tandem repeat analysis (MLVA) (206) revealed presence of two clonal groups 
among biovar 1A strains whilst multilocus enzyme electrophoresis (MLEE) clustered these in four 
groups (208). These studies also showed that clinical and non-clinical serotype O:6,30-6,31 (biovar 
1A) strains clustered into two separate groups but failed to reveal any unequivocal associations 
between genotypes and the source of isolation. Moreover, studies of variable number tandem repeat 
(VNTR) loci and BURST (Based Upon Related Sequence Types) analysis of multilocus restriction 
typing (MLRT) suggested that the clinical serotype O:6,30-6,31 strains probably originated from 
the wastewater strains, by host adaptation and genetic change (206, 208). It was also shown that 
distribution of virulence-associated genes namely ystB, hreP, myfA and sat (streptogramin 
acetyltransferase) correlated with the clonal groups whilst did not differ significantly between 
strains isolated from human and these form animals and food. Consequently, clonal groups seem to 
reflect virulence potential better than the source (clinical vs. nonclinical) of isolation (182). 
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Isolation and identification of pathogenic Y. enterocolitica from foods and 
environmental samples 
 
Isolation 
Different kind of source of Y. enterocolitica can produce markedly different results, though the 
same methods of isolation has used. Indeed, based on the large number of pathogens present, 
isolation from diarrhoeal stool samples is usually easier than isolation from other sources, as food, 
where the pathogen is present in low number. Methods to isolate Yersinia from food are 
problematic due to competition and over-growth by food microflora. In patients with acute 
gastroenteritis, 106–109 pathogenic strains cells/g can be counted and can readily be isolated by 
direct plating on conventional enteric media. In a recent scientific report, the EFSA (European Food 
Safety Authority) provide also for direct plating method for detection of Y. enterocolitica from 
tonsil of pig (3), due to the higher isolation rates than other kind of samples as faeces (212, 213) . 
As a matter of fact, direct plating is simple to perform, cheap and fast and it has been shown, that 
resulted in a similar percentage of positive pig tonsils as obtained by the use of the standardised ISO 
10273:2003 method, published by the International Organization for Standardization (214), that is 
more expensive and time consuming (3). Instead, because of the small number of pathogenic strains 
in asymptomatic carriers and the presence of a great variety of background flora in food and 
environmental samples, direct isolation, even on selective media, is seldom successful (11). Since 
this fact, enrichment in liquid media prior to isolation on solid media is used to increase the number 
of Yersinia strains in these samples. As a psychrotrophic organism, Y. enterocolitica is able to 
multiply at 4ºC and this characteristic is unusual among other Enterobacteriaceae; consequently, 
enrichment at this temperature for 7-21 days has been used. 
Different media have been used in the cold enrichment but phosphatebuffered saline (PBS) or 
phosphate-buffered saline with sorbitol and bile salts (PSB) have been widely used for clinical, 
food, and environmental samples (11, 143, 215, 216). Also peptone-mannitol-PBS without bile salts 
(PMP) and irgasan ticarcillin chlorate (ITC) broth have been useful in recovery of Y. enterocolitica, 
in particular strains of biotype 4 (serotype O:3), the most prevalent clinical type in Europe, even if 
the second is not a recommended method for biotype 2 (serotype O:9) (2, 5, 11, 162). However, it 
was shown that cold enrichment for prolonged periods can increase the isolation rate of non- 
pathogenic Yersinia strains, in particular Y. enterocolitica botype 1A, and other psychrotrophic 
bacteria, such as Hafnia alvei, which can inhibit the growth of the pathogenic strains (11, 217, 218). 
Another disadvantage encountered with cold enrichment is the required long incubation period 
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which is unacceptable for quality assurance of foods; for this purpose usually shorter periods have 
been used. For example, incubation in PBS for 1-3 days at 25°C showed the same sensitivity than 
enrichment at 4°C for some weeks (219). As Y. enterocolitica strains are relatively tolerant to 
alkaline solutions, post-enrichment treatment such as potassium hydroxide (KOH) have been used 
to increase the selectivity of the isolation method reducing the background flora and making 
selection of Yersinia colonies in selective media less laborious (11, 220). 
Y. enterocolitica grows on most routine media including blood, chocolate, MacConkey (MAC), in 
which produce colorless colonies as it can’t ferment lactose, and Salmonella-Shigella (SS) agar. 
These media are low selective, as Y. enterocolitica strains grow slowly and overgrowth by other 
enteric bacteria is frequent, and differentiation is difficult. These disadvantages make these plates 
difficult to use with food samples, which frequently contain large numbers of different organisms. 
With the aim to solve these problems, Wauters et al. (162) modified SS agar and improved the 
Salmonella-Shigella-deoxycholate calcium chloride agar (SSDC), one of the widely used selective 
media for isolation of this pathogen from pork products. Anyway, Cefsulodin-Irgasan-Novobiocin 
(CIN) agar is the most generally accepted selective media because of its high selectivity and the 
high confirmation rate of presumptive isolates. This media was developed for the isolation of Y. 
enterocolitica and in a comparative study resulted to provide better recovery rates than MAC and 
SS agar (221). On this plate Y. enterocolitica forms colonies with a deep red centre (bull’s eye) with 
a sharp border surrounded by a translucent zone. Although it inhibits the growth of most of the 
Enterobacteriaceae, some others, including Citrobacter, Enterobacter, Aeromonas, Serratia and 
Klebsiella., are able to grow on CIN agar producing colonies similar in appearance to Yersinia, 
creating a possible source of error. Moreover a study of Hallanvuo et al. (222) showed as the 
straightforward comparison of the colony morphology of Yersinia isolates in CIN permit to prevent 
misidentification and help the discrimination between Y. enterocolitica and potentially non-
pathogenic Y. enterocolitica-like strains. Other selective agars, such as virulent Yersinia 
enterocolitica (VYE agar) (223) based on esculin hydrolysis to differenziate virulent strains from 
most environmental Yersinia organisms and other gram-negative bacteria, or the recently developed 
new chromogenic agar (YeCM) developed by Weagant (224), also able to distinguish the biotype 
1A strains, have been developed for isolation of Y. enterocolitica strains, but are not extensively 
used. Therefore, CIN agar is the most generally accepted medium because of its high selectivity, the 
high confirmation rate of presumptive isolates and the commercial availability. Moreover, this 
medium is expected in the International Standard Organization method ISO 10273:2003 mostly 
used for food samples in Europe. 
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Identification 
Among bacteria with similar morphology to Y. enterocolitica colony on CIN agar, the strains 
belonging to the genus Yersinia can be identified by the biochemical tests Kligler iron and 
Christensen urea. Indeed, Yersinia are catalase positive and oxidase negative and ferment glucose, 
like other members of the family Enterobacteriaceae, moreover, are urease positive, ferment D-
mannitol but most of the strains do not ferment lactose. Biochemical differentiation within the 
genus Yersinia includes the following tests: indoleproduction, Voges-Proskauer, citrate utilisation, 
L-ornithine, mucate, pyrazinamidase, sucrose,cellobiose, L-rhamnose, melibiose, L-sorbose, L-
fucose (2). In particular, Y. enterocolitica can be identified by several biochemical tests, for 
example it ferments sucrose but not rhamnose and melibiose. Commercial rapid identification kits 
can be alternatives to conventional macro tests (225, 226) although usually identify the genus 
Yersinia correctly, while is not so good for further identification of the members of this genus. For 
example, the API 20E system, widely used for identification of presumptive Yersinia isolates, list 
only six of the currently known 17 species and Vitek system cluster Y. enterocolitica together with 
considered non pathogenic species Y. frederiksenii, Y. kristensenii and Y. intermedia. Anyway, 
some studies showed that the API 20E system is quite accurate in identifying Y. enterocolitica with 
a positive identification rate of 93% or more and it was found to be the most suitable tool to identify 
this species also in minced meat samples, resulting more specific than, for example, API Rapid 32 
IDE and 16S rRNA-based PCR method (226-229). When the incubation of API 20E is at 28°C 
instead of 37°C, temperature suggested by the manufacturer, the identification rate of the API 20E 
is increased. Nevertheless, biochemical tests in API 20E should be interpreted with caution and 
together additional tests such as biotyping (Table 8).  
Because of the problems in the identification systems founded on biochemical reactions, Y. 
enterocolitica isolates have also been identified with PCR based on specie-specific genomic targets. 
Neubauer et al. (230) described a PCR method targeting 16S rRNA gene to identify presumptive Y. 
enterocolitica strains, previously biochemically identified as belonging to the Yersinia genus. 
Although the analysis of 16S rRNA sequences is considered a standard in bacterial classification, 
Kotetishvili et al. (207) found identical 16S rRNA sequences among different Yersinia species. 
Some others targets have also been used in PCR to identify Y. enterocolitica strains such as virF, 
yadA, ail, inv, yst and rfb genes (11, 231, 232). Also different target such as ompF gene has been 
used for the construction of genus and species-specific primers (233).  
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Table 8: Phenotypic differentiation of species of the genus Yersinia (234). 
Characteristic 1 2 3 4 5 6 7 8* 9 10 11 12 13 14 15 
Motility - + + + + + + + + + + + V + + 
Urease production - + + + + + + + + V + + - - + 
Voges–Proskauer reaction - - - + + + - - + - - - - ND - 
Indole production - - - V + + V V - - - - - - + 
Citrate utilization - - - - + V - - V + - - + + V 
Ornithine decarboxylase - - - + + + + + + + + + + + + 
Aesculin hydrolysis V + + V + V - - - - - V - - + 
Mucate utilization - - - - - - - ND - - - - - ND + 
Fermentation of:                
Cellobiose - - - + + + + + - + + + - + + 
Melibiose V + - - + - - - - V - - - + V 
Raffinose - V - - + - - - - V - - - + V 
L-Rhamnose - + + - + + - - + - - - - - - 
D-Sorbitol - - - V + + + + + + + + - - + 
L-Sorbose - - - V + + + V - + + - - - + 
Sucrose - - - + + + - - - + + + - + + 
Taxa: 1, Y. pestis; 2, Y. pseudotuberculosis; 3, Y. similis; 4, Y. enterocolitica; 5, Y. intermedia; 6, Y. frederiksenii; 7, Y. 
kristensenii; 8, Y. aleksiciae; 9, Y. aldovae; 10, Y. rohdei; 11, Y. mollaretii; 12, Y. bercovieri; 13, Y. ruckeri; 14, Y. 
entomophaga; 15, Y. massiliensis. +, ≥90% strains positive; 2, ≥90% strains negative; V, Variable, 11–89% of strains 
positive; ND, not done. *Y. aleksiciae cannot be separated from Y. kristensenii based solely on phenotypic tests. 
 
 
 
Detection with DNA-based methods 
Isolation of Y. entercolitica from clinical, food and environmental samples is laborious and takes up 
to 4 weeks for incubation. Moreover the majority of Y. enterocolitica isolates recovered from food 
and environmental samples are nonpathogenic and culture-dependent methods can misidentify 
species and could not discriminate between pathogenic and non-pathogenic strains (9). Thus, a 
variety of rapid and reliable methods for detection of pathogenic Yersinia strains from 
environmental, clinical and food samples have been investigated.  
In the field of molecular diagnostics, several DNA colony hybridization assays have also been 
developed for biological samples (163, 235-239); usually these tests employ probes targeting 
virulence-related DNA sequences in the plasmid or in the chromosome of Y. enterocolitica. Colony 
hybridization is able to detect target cells even in non pure cultures, though high background flora 
can reduce the efficiency of hybridization. Nevertheless, this detection methods showed a superior 
sensitivity in pork products compared to the traditional culture methods (163). Despite this, PCR is 
the most commonly used nucleic DNA-based technique for the diagnosis of infectious diseases 
(93). Indeed, a variety of PCR assays have been developed to detect pathogenic Y. enterocolitica in 
food samples of animals and environmental origin (11). Many of these methods have chromosomal 
virulence targets, such as ail, yst and inv genes, instead of using primers targeting the yadA or virF 
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genes located on the virulence plasmid, because of possible plasmid loss on subculture and storage 
(4, 11, 93, 231, 237, 238, 240-243). For example, Weynants et al. (242) developed a multiplex-PCR 
to specific detection and differentiation of Y. enterocolitica serotype O:3, Y. pseudotuberculosis and 
other pathogenic Y. enterocolitica, obtained with rfbC, inv, ail and virF primers whilst Thisted 
Lambertz and Danielsson-Tham (231) preferred to use yst instead of inv as a target. Recently, real-
time PCR methods based on the virulence-associated genes, in particular ail, for detection of 
pathogenic Y. enterocolitica have been developed (244-249). In addition, primers for amplification 
of Yersinia-specific region of the 16S rRNA gene have been designed to detect Yersinia spp., 
especially in blood samples (250, 251). Real-time PCR is a powerful advancement of the basic PCR 
technique. It is one of the most promising methods thanks to its sensitivity, specificity and 
selectivity, the possibility of target quantification, high degree of automation and computerization. 
Moreover, real-time PCR is more rapid than conventional PCR due to reduced cycle times, removal 
of separate post-PCR detection procedures and use of sensitive fluorescence detection equipment 
(93). In general, compared to the traditional culture methods, PCR techniques are easy to perform, 
are able to detect also viable but non-cultivable cells and have a superior sensitivity, but this 
characteristic can become a drawback. Indeed, the high sensitivity of the technique requires specific 
precautions, to prevent cross-contaminations, such as the use of disposable material, separate sets of 
pipettes only for PCR and analysis of amplification products in an area separate from that where 
reagents and samples are prepared. Moreover, these false-positive results can be monitored with a 
sufficient number of negative controls. Additional possible sources of false-positive results is 
insufficient specificity of the primers (93). Further disadvantages of PCR methods are the inability 
to yield bacterial isolates that are essential for supplementary epidemiological studies and its 
inability to distinguish between viable and non-viable cells. To reduce this problem it is possible to 
provide for a short pre-enrichment step before PCR is carried out. This precaution not only decrease 
the risk of false-positive results but also increase the sensitivity, in particular when naturally 
contaminated samples are studied (2, 11, 178, 244, 247, 249, 251, 252). Additionally, also false 
negative-results may occur because of PCR inhibitory substances, such as bile salts, heme and 
tryptone, contained in biological samples and also in enrichment media, such as ITC and PSB (253, 
254). As a matter of fact in these media there are some salts appeared to be strong PCR inhibitors, 
such as MgCl2 and Na2HPO4, in high concentrations (254). To overcome this problem, sample 
treatment before PCR are studied to reduce inhibitory substances concentration (254-256), or PCR-
compatible enrichment medium for Y. enterocolitica are developed (257). However, it is difficult to 
eliminate completely inhibitory substances in natural samples so an internal positive control should 
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be provided to monitor false-negative results (11, 244, 258). In conclusion, PCR techniques are 
rapid, sensitive and easy to apply therefore could be used in routine analysis to samples in high 
numbers prior to cultural investigations as preliminary screening method in animal, food or 
environmental samples (2, 244).  
 
Confirmation of pathogenicity 
Most of Y. enterocolitica strains isolated from asymptomatic carriers, food and environmental 
samples are non-pathogenic. The evaluation of the pathogenicity of these isolates is important (11). 
Serotyping is not a reliable test because the antigens most commonly correlated to pathogenic 
strains are also found in non pathogenic strains. A number of in vitro tests have been described to 
prove phenotypic characteristics associated with the virulence plasmid. The most widely tested 
pathogenicity markers are calcium dependence, measured by growth restriction on magnesium 
oxalate agar (259, 260), autoagglutination at 35-37°C (51), uptake of Congo red (261, 262) and 
crystal violet (263). However, these characteristics are encoded by a plasmid, so they may not be 
detected when the virulence plasmid is lost during laboratory manipulation. This fact probably is 
attributable to metabolic stress induced by harbouring the virulence plasmid best evidenced by a 
decrease in growth rate when growth temperatures increase to 30-35°C (39, 261). Also 
chromosomally mediated characteristics, such as pyrazinamidase test, salicin fermentation and 
aesculin hydrolysis have been found to be useful in the identification of potential pathogenic types 
of Y. enterocolitica (264). These tests are included in the biotyping scheme developed by Wauters 
et al. (40), are quite easy to perform and provide a simple means for distinguishing between 
potential pathogenic and nonpathogenic strains. Indeed, negative reactions in pyrazinamidase test, 
salicilin fermentation and aesculin hydrolisis usually have been correlated to pathogenic strains 
(265, 266). In conclusion, more than one test investigating phenotypic virulence-associated 
characteristics are necessary to prove the plausible pathogenicity of a Y. etnerocolitica strain (69, 
267).  
In addition to biochemical virulence associated tests, that could be time-consuming and not always 
reliable, rapid DNA-based methods have been developed for pure culture. A number of colony 
hybridization tests have been exploited to confirm the patogenicity of Y. enterocolitica isolates (63, 
67, 268-270). Also PCR methods have been developed to discriminate between pathogenic and 
non-pathogenic strains and resulted in good sensitivity and specificity. Primers designed to amplify 
plasmid borne targets like virF and yadA genes and chromosomal loci like ail, rfbC and yst genes, 
have been used separately or in combination (192, 231, 242, 271-273).  
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Characterization of Y. enterocolitica 
 
Differentiation of Y. entercolitica into types is necessary to employ epidemiological studies about 
the prevalence in a particular region or to investigate reservoirs, transmission vehicles and routes. 
Indeed, EFSA recommend to characterize by biotyping and serotyping all presumptive pathogenic 
isolates (3). To differentiate Y. enterocolitica strains also genotyping has been used. 
 
Biotyping 
Y. enterocolitica comprises a biochemically heterogeneous group of bacteria, thus biotyping has 
been widely used to characterize the strains. The most used biotyping scheme was proposed by 
Wauters et al. (40) and includes the following tests: lipase (Tween-esterase), aesculin hydrolysis, 
acid production from salicin, xylose and trehalose, indole production, nitrate reduction and 
production of pyrazinamidase (Table 9). This scheme provide for six different biotypes (1A, 1B, 2-
5) which seems to be closely associated with the pathogenicity of Y. enterocolitica strains. Indeed, 
biotypes 1B and 2-5 include strains associated with disease (6) whilst strains belonging to biotype 
1A are usually regarded as nonpathogenic, although some authors have showed that this biotype is 
not as harmless as it is believed (73, 190). The most widespread pathogenic Y. enterocolitica strains 
belong to the biotype 4 (11, 147).  
 
Table 9. Biotyping of Y. enterocolitica (40). 
Test Biotypes 
 
1A 1B 2 3 4 5 
Lipase (Tween-esterase) + + - - - - 
Aesculin hydrolysis + - - - - - 
Salicin (acid production) + - - - - - 
Pyrazinamidase + - - - - - 
Indole production + + (+) - - - 
Xylose (acid production) + + + + - - 
Trehalose(acid production) + + + + + - 
Nitrate reduction + + + + + - 
+ = positive; - = negative; (+) = often weak or delayed 
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Serotyping 
Strains of Y. enterocolitica can also be differentiated thanks to serotyping based on 
lipopolysaccharide surface O antigen, flagellar (H) or fimbrieae (K) antigens. At least 76 serotypes 
based on O antigens and 44 H antigens have been described for Y. enterocolitica and Y. 
enterocolitica-like organisms. Actually, O antigens is the most used target and antisera for the 
serogroups O:3, O:5, O:27, O:8 and O:9, which are predominant in human yersiniosis, are 
commercially available. Same antigens have been found in both pathogenic and non-pathogenic 
strains thus biochemical characterization is also required for correct description (66). Also some 
PCR methods have been developed for the detection and identification of few common specific 
serotypes, such as O:3 (231, 242). 
 
Genotyping 
The epidemiology of Y. enterocolitica infections is complex and remains poorly understood (93). 
Trying to solve this problem, several DNA-based methods have been developed in molecular typing 
of Y. enterocolitica (209, 274-276), in order to identify reservoirs of infection, transmission vehicles 
and associations between clinical cases (Table 10). 
 
 
Table 10: Methods for molecular typing of Yersinia enterocolitica isolates. 
Typing mehod Typeability Reproducibility Discriminatory power Use Interpretation 
REAP Varaible Good Poor Easy Easy 
REAC Excellent Moderate Moderate Easy Difficult 
Ribotyping Excellent Excellent Varaible Moderate Easy 
PFGE Excellent Excellent Good Moderate Easy 
PCR Excellent Moderate Varaible Easy Moderate 
AFLP Excellent Good Good Moderate Moderate 
MLVA Excellent Excellent Excellent Easy Easy 
Modified from Virdi et al. (276) and Fredriksson-Ahomaa et al. (93). 
REAP = restriction endonuclease analysis of plasmid; REAC = restriction endonuclease analysis of chromosome; PFGE 
= pulsed-field gel electrophoresis; AFLP = amplified fragment length polymorphism; MLVA = multiple-locus variable-
number tandem repeat analysis. 
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Restriction Endonuclease Analysis Of The Plasmid (REAP) 
Plasmid analysis was the first bacterial typing tool used to differentiate bacterial strains. Plasmids 
are isolated from each isolate and then their number and size has been determined 
electrophoretically in an agarose gel.  
Pathogenic strains of Y. enterocolitica contain only one virulence plasmid of about 70 kb (277-279). 
Thus, for subtyping of pYV-positive Y. enterocolitica strains, the isolated plasmid has been cut with 
different frequent-cutting restriction enzymes, such as EcoRI and BamHI. This method has the 
advantage of being rapid and easy to perform but cannot be used for plasmid-negative strains. 
 
Restriction Endonuclease Analysis Of The Chromosome (REAC) 
Chromosomal DNA Restriction Analysis was the first of the chromosomal DNA-based typing 
schemes. In this method, chromosomal DNA has been cut with relatively frequent-cutting 
restriction enzymes, generating hundreds of fragments ranging from 0.5 to 50 kb in size (280). A 
major limitation of this technique is the difficulty in interpreting complex profiles, which consist of 
hundreds of bands that may be unresolved and overlapping.  
Kapperud et al. (281) have used REAC to study polymorphism in restriction fragment patterns 
among Y. enterocolitica isolates belonging to different bioserotypes. They examined 72 Yersinia 
strains and among them they distinguished 22 distinct REAC patterns, which varied clearly between 
bioserotypes. Some variation occurred among strains within the same bioserotype, but strains of 
bioserotype 4/O:3 were homogeneous.  
 
Ribotyping 
Ribotyping is a method DNA-based typing associated with REAC. The concept of ribotyping is to 
the use of nucleic acid probes to detect polymorphisms associated with the ribosomal operons 
(282). In practice, chromosomal DNA is isolated and cut with a frequent-cutting enzyme to obtain 
small fragments. These fragments are separated by electrophoresis and than transferred to a nylon 
membrane by Southern blotting. DNA digests have been hybridized with labelled ribosomal operon 
probe. The highlighting of fragments containing a ribosomal gene create a fingerprint pattern, 
which contain few bands that can be compared easily among isolates.  
Ribotyping has been used to characterise Y. enterocolitica isolates in several studies (274, 283-287). 
These studies demonstrate a good correlation between ribotypes and bioserotypes. 
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Pulsed-Field Gel Electrophoresis (PFGE) Typing 
Pulsed-field gel electrophoresis (PFGE) permits analysis of large fragments of bacterial DNA. The 
wole genome of bacteria was digested with various rare-cutting restriction enzymes and fragments 
were inserted into an agarose gel and subjected to electrophoresis in an apparatus in which the 
polarity of the current is changed at predetermined intervals. The pulsed field allows clear 
separation of large molecular length DNA fragments, ranging from 10 kb to 800 kb. PFGE provides 
a highly reproducible restriction profile, which typically shows distinct, well-resolved fragments 
representing the entire bacterial genome in a single gel (288). Because of the high discriminatory 
power, and good intra- and interlaboratory reproducibility, the method has proved to be highly 
discriminatory and superior to other available techniques (289). One of the factors that has limited 
the use of PFGE is the time involved in completing the analysis. Although the procedural steps are 
straightforward, the time needed to complete the procedure can be 2–3 days. This can reduce the 
laboratory’s ability to analyse large numbers of samples. 
Pulsed-field gel electrophoresis (PFGE) has been widely used in the genotyping of 
enteropathogenic Yersinia. In comparison studies, PFGE using the restriction enzyme NotI has been 
more discriminatory than restriction endonuclease analysis of the plasmid (REAP) (with EcoRI) and 
ribotyping (with EcoRV) in the subtyping of Y. enterocolitica (274). The discriminatory power of 
PFGE is higher when more than one restriction enzyme is used (290). As a matter of fact, 
Fredriksson-Ahomaa et al. (290) were able to increase the discrimination index of PFGE from 0.74 
to 0.93 (in a set of strains originating from a geographically limited area) when isolates harbouring 
the same NotI pattern were further characterized with ApaI and XhoI.  
 
Randomly Amplified Polymorphic DNA (RAPD) 
Randomly amplified polymorphic DNA (RAPD) assay is a variation of the PCR technique 
employing a single 10 base pairs primer built to hybridise at multiple random chromosomal 
locations. DNA fragments synthesized in various lenghts are finally visualised by electrophoresis 
(282). Even if the RAPD is a very simple and quick method, its major problem is the poor 
reproducibility and the diffulty to standardize this technique (291).  
This method allows discrimination between Y. enterocolitica isolates belonging to different 
bioserotypes and, also in some cases, between isolates belonging to the same bioserotype (292). 
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Amplified Fragment Length Polymorphism (AFLP) 
The AFLP approach is based on selective PCR amplification of restriction fragments from total 
digest of genomic DNA. The technique involves four steps: restriction of DNA, ligation of 
oligonucleotide adapters, selective amplification of sets of restriction fragments and gel analysis of 
the amplified products. Selective amplification is achieved by the use of primers that extend beyond 
the restriction site into the restriction fragments, amplifying only the subset of fragments in which 
the primer extension matches the nucleotide flanking the restriction sites. The primers are labelled 
with a fluorescent label on the 5’ end such that the amplified DNA fragments are labelled in the 
PCR reaction. The number of fragments that can be analysed simultaneously is dependent on the 
resolution of the detection system (93). 
Fearnley et al. (209) have developed an AFLP method to genotype Y. enterocolitica that divide the 
strains in two clusters: cluster A included biotypes 2–5 and cluster B biotypes 1A and 1B. The most 
clonal bioserotype was 4/O:3, with 93.2% identity found among the strains tested. 
 
Multiple-Locus Variable-Number Tandem-Repeat Analysis (MLVA)  
MLVA is a method increasingly used for typing, surveillance and epidemiological investigations of 
pathogenic bacteria (293). It is based on the presence in genomes of repeated sequences, called 
VNTRs (variable-number tandem repeat), which range in number from a pair to hundreds of 
nucleotides found in tandem. Sometimes the bacterial polymorphism is reflected in differences in 
the number of repeated units that they contain. So, the sequencing of this variable number tandem 
repeats (VNTRs) has been used to characterized bacterial species that are genetically homogeneous 
and difficult to type with other methods. PCR is able to detect these sequences using primers 
complementary to regions flanking the VNTR sequences. In general, five to eight loci are used to 
obtain good resolution (35, 294, 295). This method enables high-resolution genotyping. 
In 2007, Gienrczinski et al. (296) reported a study for the development of an MLVA subtyping 
method, based on six loci, to be used for Y. enterocolitica 4/O:3. Recently, another MLVA method 
using four loci was developed for the epidemiological investigation for YE biotype 1A strains 
(206). Sihvonen et al. (124) determined that MLVA has a greater discriminatory power than PFGE 
and, in agreement to those obtained by Gierczyński et al. (296), demonstrated that the used MLVA 
markers are highly discriminatory and added the evidence that this method can successfully be 
applied for the outbreak strains of Y. enterocolitica ssp. palearctica biotypes 2 and 4. Moreover, the 
amount of working time needed for the PFGE protocol with one enzyme is two to three days, 
MLVA using fragment analysis can be done in one day. MLVA was less labor-intensive than PFGE 
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and the results were easier to analyze, especially because they were independent of subjective 
interpretation. 
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AIMS OF THE STUDY 
 
 
The objectives of this work were as follows: 
 
• to carry out a preliminary investigation of the diffusion of pathogenic Y. enterocolitica in 
food processing chain of Umbria and Marche Regions,  
 
• to characterize strains isolated from human patients, 
 
• to study a multiplex PCR that could be applicable for a screening of food samples for 
pathogenic Y. enterocolitica, 
 
• to evaluate biomolecular techniques for the identification of Y. enterocolitica, 
 
• to investigate the detection of genotypic virulence markers in the recovered isolates, 
 
• to evaluate the use of the PFGE and MLVA in characterisation of pathogenic Y. 
enterocolitica to obtain further informations on the epidemiology of this bacterium. 
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MATERIALS AND METHODS 
 
 
This study has been carried out in collaboration with the Biological Contaminants Laboratory in 
Perugia (PG) and with the Food Safety Laboratory in Fermo (FM), both laboratories Section of 
Istituto Zooprofilattico Sperimentale Umbria e Marche (IZSUM) and with the Department of Food 
Hygiene and Environmental Health of the Faculty of Veterinary Medicine in Helsinki, Finland. 
The present study has been based on Y. enterocolitica detection in swine carcasses, vegetables and 
cheese. Moreover, Y.enterocolitica isolated from human faeces, wild boars and meat and other 
swine carcasses derived from the strain collections of the IZSUM laboratories were considered.  
The different samples have been collected, isolated, identified and characterized as reported in 
Table 11. 
 
Table 11: Isolation and identification methods used in the thesis. 
Sources Isolation method Identification method PSB/PCR 
 
ISO PSB/CIN 
Strain 
collection 
Preliminary 
identification 
Rapid 
ID 32E 
API 
20E 
VITEK PCR  
Human   X X  X X X  
Carcasses X   X    X X 
Carcasses IZS X  X X X   X  
Vegetables  X  X    X  
Burrata  X  X  X  X  
Meat X  X X X   X  
Wild boars   X X X   X  
ISO = isolation method based on ISO 10273:2003 method and validated according to EN ISO 16140:2003 rule by 
IZSUM; PSB/CIN = isolation method based on enrichment step in PSB broth (Biolife, Milano, Italia) and isolation 
using CIN Agar (Biolife, Milano, Italia); Rapid ID 32E system (BioMérieux, Marcy l’Etoile, France); Api 20E system 
(BioMérieux, Marcy l’Etoile, France); PSB/PCR = PCR carried out in DNA extracted from enrichment broth. 
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Sampling 
 
Swine carcasses investigation 
A total of 120 carcasses of pigs properly slaughtered at three different slaughterhouses in the 
province of Perugia were examinated between March and June 2010. Two sampling sessions were 
carried out in each abattoir within thirty days each other and 20 samples were casually collected 
each time. Nondestructive sampling was employed by means of pre-moistened with pepton water 
sponges (Solar-cult®) in the chest, thigh, and cheek regions for a total of about 300 cm2 surface. 
Samplings were performed at the end of slaughter, after meat inspection and before the cooling 
phase, except one carcass.  
Samples were maintained at 4°C and analyzed for the detection of Y.enterocolitica in the Biological 
Contaminants Laboratory of the IZSUM (Perugia) within 24 hours.  
 
Vegetables investigation 
A total of 90 samples of vegetables, were analyzed during the period January-April 2011 by the 
Biological Contaminants Laboratory of the IZSUM (Perugia). The samples were collected in 
Umbrian market and included: 42 I range and 48 IV range vegetables as shown in Table 12. Most of 
the samples was from one farm in Province of Ascoli Piceno in Marche Region (A), the “cicoria” 
and “cavolo cinese” samples and one sample of “radicchio”, “riccia”, “scarola” and “pan di 
zucchero” salads were collected from a farm in the Province of Perugia (B), two samples classified 
as seasonal salad were collected in a supermarket in Perugia (Umbria) and the salads were produced 
in Emilia Romagna (C). Several product-related data were recorded, including manufacturer, type 
of salad, composition, batch number, expiry date.  
All samples were kept at 4°C and anlazyzed by the Biological Contaminants Laburatory in Perugia 
before the expiry date. 
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Table 12:Description of vegetable samples.
Sample Farm Range Kind of salad 
1 A I radicchio 
2 A I pan di zucchero 
3 A I riccia 
4 A I scarola 
5 A IV rucola 
6 A IV scarola 
7 A IV poker + carrots 
8 A IV poker + rocket + carrots 
9 A IV insalata mista 
10 A IV scarola 
11 A IV poker con rucola 
12 A IV riccia 
13 A IV valeriana 
14 A IV insalata mista 
15 A IV poker 4 tastes 
16 B I radicchio 
17 B I riccia 
18 B I pan di zucchero 
19 B I scarola 
20 B I cicoria 
21 B I cavolo cinese 
22 A I pan di zucchero 
23 A I riccia 
24 A I radicchio 
25 A I scarola 
26 A IV poker + fennel 
27 A IV poker + rocket + carrots 
28 A IV rucola 
29 A IV valeriana 
30 A IV valeriana 
31 A IV mixed salad 
32 A IV poker 
33 A I riccia 
34 A I scarola 
35 A I radicchio 
36 A I pan di zucchero 
37 A IV poker + fennel 
38 A IV scarola 
39 A IV riccia 
40 A IV poker + rocket 
41 A I radicchio 
42 A I riccia 
43 A I pan di zucchero 
44 A I scarola 
45 A IV poker + carrots 
 
 
 
Sample Farm Range Kind of salad 
46 A IV poker + rocket 
47 A IV riccia 
48 A IV poker 
49 A I scarola 
50 A I radicchio 
51 A I riccia 
52 A I pan di zucchero 
53 A I scarola 
54 A I radicchio 
55 A I pan di zucchero 
56 A I riccia 
57 A IV poker + rocket + carrots 
58 A IV poker 4 tastes 
59 A IV poker 
60 A IV poker + rocket 
61 A IV mixed salad 
62 A IV poker + carrots 
63 A IV scarola 
64 A IV poker + fennel 
65 A I scarola 
66 A I riccia 
67 A I pan di zucchero 
68 A I radicchio 
69 A IV poker + rocket + carrots 
70 A IV poker + rocket + carrots 
71 A IV poker + carrots 
72 A IV poker + carrots 
73 A IV scarola 
74 A IV scarola 
75 A IV poker + rocket 
76 A I riccia 
77 A I scarola 
78 A I pan di zucchero 
79 A I radicchio 
80 A IV poker + rocket 
81 A IV poker + rocket 
82 A IV poker + onion 
83 A IV poker 
84 A IV scarola 
85 C IV seasonal salad 
86 C IV seasonal salad 
87 A I scarola 
88 A I riccia 
89 A I pan di zucchero 
90 A I radicchio 
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Burrata investigation 
In February 2011 a study to characterize “burrata”, a typical Italian cheese prepared in Puglia. was 
carried out. A total of 15 samples were collected in a handmade and in an industrial facilities (Table 
13). Two sampling sessions were carried out in each dayries within 14 days each other according to 
the sampling scheme shown in Table 13. The milk and cream used for “burrata” production, the 
pasta filata and the finished product were sampled during each session in each facility, except to a 
handmade milk (Table 13). 
All samples were kept at 4°C and analyzed for the detection of Y. enterocolitica by Food 
Microbiology Laboratory of Medicine Veterinary School of University of Camerino, within 8 hours 
from sampling. 
 
Table 13: Description of sampling plane of “burrata” investigation. 
Production  Handmade Industrial 
Sampling session    I II I II 
Milk   X N.S. X X 
Cream  X X X X 
Pasta filata  X X X X 
Finished product  X X X X 
N.S.: non sampled. 
 
 
Isolation 
 
The samples were studied, using two different methods (Table 10) named ISO and PSB/CIN. 
 
ISO 
Isolation by ISO was carried out according to a scheme based on ISO 10273:2003 method and 
validated according to EN ISO 16140:2003 rule by IZSUM.  
 
PSB/CIN 
Isolation by PSB/CIN was carried out according to the following protocol: 25g sample were 
homogenised in 225 ml PSB broth (Biolife, Italia) for 30 seconds in the stomacher blender and 
incubated at 25°C for 5 days; the enrichment broth was treated with 0,5% KOH solution, 10 µl-
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aliquot was streaked onto CIN Agar Base (Biolife, Italia) supplemented with Yersinia Selective 
Supplement (Biolife, Italia) and incubated at 30°C for 24-48 hours; 5 suspected colonies from each 
plate, were transferred in TSA agar.  
 
 
Strains Collection 
 
Thanks to the collaboration with IZSUM, 3 strain collections have been studied.  
 
Patients 
19 strains were recovered from stool specimens of patients hospitalized in Regional Hospital in 
Perugia during 2006 through June 2011 (Table 14). 
 
 
 
Table 14: Description patients strains. 
Strain Year 
2 2010 
4 2008 
6 2010 
8 2010 
9 2009 
10 2009 
11 2009 
12 2010 
15 2010 
16 2008 
 
 
Meat and IZS carcasses 
19 Y. enterocolitica strains were collected during routinary activity of two diagnostic laboratories: 8 
by the Biological Contaminants Laburatory in Perugia from 2004 to 2010 and 11 by Food Safety 
Strain Year 
17 2010 
18 2008 
19 2010 
20 2009 
23 2006 
24 2006 
73 2011 
74 2011 
75 2011 
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Laboratory of Fermo Section of IZSUM from 2008 to 2009. As described in Table 15, 17 strains 
were recovered from meat preparations and 2 from swine carcasses. 
 
 
Table 15: Description of meat and IZS carcasses strains. 
Strain Year Origin Lab. 
1 2006 swine carcass PG 
3 2005 swine muscle PG 
5 2010 swine carcass PG 
7 2010 swine muscle PG 
13 2005 sausage PG 
14 2004 swine hamburger PG 
21 2005 sausage PG 
22 2005 swine sausage PG 
76 2008 Hamburger FM 
77 2008 Mixed kebab FM 
78 2008 Mixed kebab FM 
79 2008 Mixed kebab FM 
80 2008 Au gratin loin of pork FM 
81 2008 Minced meat for stuffing FM 
82 2008 Hamburger FM 
83 2009 Minced meat FM 
84 2009 Meat balls FM 
85 2009 Minced meat FM 
86 2009 Minced meat FM 
PG: Biological Contaminants Laboratory of headquarters in Perugia 
of IZSUM. 
FM: Food Safety Laboratory of Fermo Section of IZSUM. 
 
 
Wild boars 
 
During the period 2009 – 2010, the IZSUM collected 145 strains recovered from wild boars faeces 
in compliance with the regional plan for medical surveillance of wild boars and wild species years 
2009/2011 of Umbria Region (297), one of the Italian Region with the bigger wild boars 
population. 
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Identification 
 
All the suspected colonies of typical ´bull´s eye´ appearance on the CIN agar plates were streaked 
onto TSA agar plates and incubated for 24 hours at 30°C to create a pure culture. The isolates were 
presumptively identified, as described above, and further identication were carried out by API 
Rapid ID 32E (BioMérieux, France) or API 20E (BioMérieux, France) and PCR (Table 10). 
 
Presumptively identification 
All the colonies isolated from the samples and growed in nutrient agar were seeded in Kligler Iron 
Agar (Oxoid, England) and Christensen urea (Oxoid, England and urea by Carlo Erba reagenti, 
Italy) at 30°C and tested for oxidase. The isolates that fermented glucose but not lactose, didn’t 
produce gas or H2S precipitate, resulted oxidase negative and urease positive were considered 
presumptive of Y. enterocolitica.  
 
Rapid ID 32E 
The 17 colonies isolated from meat, the 2 from IZS carcasses and the 145 from wild boars faeces 
were identified by Rapid 32E (BioMérieux, France), which was performed according to the 
manufacturer’s instructions. 
 
API 20E 
The samples isolated from burrata cheese and from patients were identified by API 20E system 
(BioMérieux, France) wich was performed according to the manufacturer’s instructions, with the 
exception of incubation at 30°C instead of 37°C for 18–24 hours.  
 
VITEK 
The 19 colonies isolated from patients were identified by VITEK cards (BioMérieux, France) wich 
was performed according to the manufacturer’s instructions. 
 
PCR 
The identification of all Y. enterocolitica isolates was confirmed with PCR targeting a specie-
specific frame of ompF, coding the outer membrane porin F protein. For this purpose, primers 
F227mod and YE2R proposed by Stenkova et al. (2008) were used to amplify a 660bp fragment of 
ompF in a PCR assay (298). With the aim of employing a single test for simultaneous detection of 
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Y. entercolitica and confirmation of pathogenity, primers for detection of ompF were combined 
with those drawn by Wannet et al. (2001), wich amplify a 425bp fragment of ail gene (273), in a 
multiplex PCR (Table 16). A step-by-step empirical approach was used to determine the optimal 
annealing temperature of the PCR and to balance individual concentrations of primers, MgCl2 and 
deoxynucleoside triphosphate.  
Lastly, the following protocol was used to obtain DNA suspension and to amplify the targets. 
Three colonies picked from a pure culture in tryptic soy agar (TSA; Oxoid, England) incubated for 
24 hours at 30°C were suspended in 300 µl distilled water, boiled for 10 min, centrifuged at 13.000 
x rpm and the supernatant was transferred to a new tube. 
Each 50 µl reaction mixture contained 1X PCR buffer (Go Taq Flexi DNA Polymerase, Promega, 
USA), 1.5 mM MgCl2  (Go Taq Flexi DNA Polymerase, Promega, USA), 200 µM deoxynucleoside 
triphosphate, 1 U Taq polymerase (Go Taq Flexi DNA Polymerase, Promega, USA), 0.2 µM each 
primer, 2µl DNA suspension for a final amount of 20-100ng DNA. The PCR was carried out under 
the following conditions: an initial denaturation of 95°C for 5 min, followed by 35 cycles of 
denaturation at 95°C for 30 s, annealing at 55°C for 1 min, and extension at 65°C for 1 min, with a 
final extension at 68°C for 15 min (Table 17). The PCR products, obtained with Mastercycler 5533 
(Eppendorff, Italia), were checked to electrophoresis using 2% agarose gels in Tris-boric acid-
EDTA (TBE) buffer 1X (Biorad, USA) containing 0.5 µg/ml ethidium bromide and visualised by 
ultraviolet transillumination. Products were compared to a 100 bp DNA ladder (Norgen, Canada), 
moreover, purified DNA from Y. enterocolitica ATCC 27729 as positive control and water instead 
of template as negative control were included in each analysis. 
 
 
Table16: primers used in multiplex PCR. 
Gene Primers Sequence (5’ - 3’) Amplicon length (bp) Reference 
ail 
A1 TTA ATG TGT ACG CTG GGA GTC 425 Wannet et al., 2001 (273) 
A2 GGA GTA TTC ATA TGA AGC GTC 
ompF F 227 mod GTC TGG GCT TTG CTG GTC 660 Stenkova et al., 2008 (298) YE2R ATC TTG GTT ATC GCC ATT CG 
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Table 17: Multiplex PCR: reaction mix and amplification condition. 
Mix (50 µl) Amplification 
Buffer 
MgCl2 
     dNTPs 
1x 
1.5 mM 
       200 µM 
  
 95 °C x 5’ 1 cycle 
 
F 227 mod 
YE2R 
A1 
        A2 
0.2 µM 
        0.2 µM 
        0.2 µM 
        0.2 µM 
95 °C x 30” 
 55 °C x 1’ 
 65 °C x 30” 
    
35 cycles 
Taq 
       DNA 
1 U 
   2µl (20-100 ng) 
 68 °C 15’ 1 cycle 
 
 
PSB/PCR 
 
The 120 samples collected during the pig carcasses investigation were screened with the multiplex 
PCR. After 48 hours at 25°C, 1 ml of each enrichment PSB was centrifuged and DNA was 
extracted employing DNeasy Blood & Tissue Kit (Qiagen), according to the builder’s instructions. 
For the detection of specie-specific mark ompF and the pathogenic target ail, the previously 
described multiplex PCR was performed. 
 
Characterization 
 
Biotypization 
All strains isolated from carcasses, meat, burrata, vegetables, patients and the 67 strains selected 
from wild boars were biotyped using xylose, trehalose and salicin fermentation, aesculin hydrolysis, 
tween esterase and pyrazinamidase activity tests from the revised scheme of Wauters et al. (40). 
 
Serotypization 
The 19 colonies isolated from humans, those obtained from the carcasses and the 17 isolated from 
meat were serotyped with slide agglutination using commercial polyvalent O:1,2, O:3, O:5, O:8 and 
O:9 antisera (Denka Seiken, Tokyo, Japan). 
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Antimicrobial susceptibility determination 
Seven representatives colonies isolated from the carcasses were tested by the agar disc diffusion 
method according to the CLSI Documents M-31 A2 (299) for resistance to 13 different 
antimicrobial agents: nalidixic acid, amoxicillin-clavulanic acid, ampicillin, cefalothin, cefotaxim, 
ciprofloxacin, chloramphenicol, gentamicin, kanamycin, streptomycin, trimethoprim-
sulfamethoxazole, sulfonamides, tetracycline.  
 
Detection of the genes: 16S rRNA, ystA, ystB, yadA, myfA, hreP 
A total of 82 colonies, representatives of whole group, were tested for the detection of 16S rRNA 
marker and 91 for the pathogenic targets ystA, ystB, yadA, myfA, hreP by real-time PCR according 
to the following protocol. 
A single colony obtained by incubation at 28°C for 24 hours on tryptic soy agar (TSA; Difco, 
Detroit, MI) was suspended in 100µl sterile distilled water and subsequently boiled for 10 min to 
lyse the bacteria. One microliter of this suspension was used as template in the PCR solution, 
consisting of a 20µl total volume containing, 10µl of the master mix SsoFast™ EvaGreen® 
Supermix (BioRad, Hercules, CA) and 0,2µM each of forward and reverse primers (Table 18). The 
PCR was carried out in C1000 thermal cycler (BioRad) under the following conditions: an initial 
denaturation of 98°C for 2 minutes, followed by 40 cycles of 98°C for 5 seconds and 58°C for 20 
seconds, with a final extension at 70°C for 10 seconds. Fluorescence signals were measured once in 
each cycle at the end of the annealing/elongation step using CFX96 optical reaction module 
machine (BioRad). Then the real-time PCR products were heated from 70°C to 95°C at a rate of 
0.2°C to perform Tm (melting temperature) curve analysis. Since SYBR Green detect any double 
stranded DNA, dissociation curve analysis is necessary to be ensure that the desired amplicon was 
detected. A gap of 0.5°C in the Tm of the sample respect to the Tm of the positive control indicated 
an aspecific amplification thus a negative result. The Ct (cycle threshold) is defined as the number 
of amplification cycles required for accumulation of a sufficient number of amplicons in a well so 
the fluorescent signal cross the threshold, the background level. Ct levels are inversely proportional 
to the amount of target nucleic acid in the sample. A Ct value higher than 38 indicated a negative 
result. 
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Table 18: Primers used in this study. 
Gene Primers Sequence (5’ - 3’) Reference 
16S 
rRNA 
16SF CGG CAG CGG GAA GTA GTT T Sen 2000 (250) 16SR GCC ATT ACC CCA CCT ACT AGC TAA 
ystA YstAF 
ATC GAC ACC AAT AAC CGC TGA G 
Thoerner et al., 2003 (192) YstAR CCA ATC ACT ACT GAC TTC GGC T 
ystB YstBF 
GTA CAT TAG GCC AAG AGA CG 
Thoerner et al., 2003 (192) YstBR GCA ACA TAC CTC ACA ACA CC 
yadA yadA667-F TGT TCT CAT CTC CAT ATG C Fukushima et al., 2003 (246) yadA851-R2 TCC TTT CGC TGC TTC AGC A 
myfA MYF-F CAG ATA CAC CTG CCT TCC ATC T Kot and Trafny, 2004 (300) MYF-R CTC GAC ATA TCC CTC AAC ACG C 
hreP HreP-F1 ATG AAG TTG AGG TGG ATG CCA Heusipp et al., 2001 (86) HreP-R1 CCA GAC AGG TTA CAA GGA TGA ACG 
 
 
Macrorestriction analysis with PFGE 
Among colonies isolated by swine carcasses investigation, all ail+ strains and a representative 
number of ompF+ and ail- strains were characterized by PFGE. Bacterial cells grown overnight on 
trypticase soy agar plates at 30°C were suspended in TE to an optical density at 600nm of 1,6; 2,5 
mg/ml of lysozyme (USB Corporation) were added to the suspension. Plug preparation and 
restriction digestion was done as follows: the bacterial suspension was mixed with an identical 
volume of solution containing 1,2% of agarose Seakem Gold (Lonza), 1% SDS (Applichem) and 
0,2 mg/ml of proteinase K (Invitrogen); the produced plugs were incubated in the lysis buffer at 
54°C for one hour, washed in sterile milliQ water twice and in TE fro 10 minutes twice (301); 
chromosomal DNA was digested overnight at 37°C with 10 U of restriction enzymes NotI. Pulsed-
field gel electrophoresis was run in 0.5 × TBE buffer on 1% agarose gel with contour-champed 
homogeneus electric field (CHEF-DR III System, BIORAD) in running conditions of 8 to 23 
seconds switch time, 6 V/cm, 120° angle, temperature of 14 °C, 20 hours (302) of run. Restriction 
fragments were visualized under UV light after the gel was stained with ethidium bromide.  
 
Genotyping by MLVA 
The Y. enterocolitica biotype 4, the strains previously characterized by PFGE and 18 strains 
representative of other groups were genotyped by using multiple-locus variable number tandem 
repeats analysis (MLVA) according to the following protocol. 
Six VNTR loci (V2A, V4, V5, V6, V7 and V9) were used (296) and were divided into two 
reactions according to Sihvonen et al. (2011) (124). In the PCR reaction, 1 µl of the template was 
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used with 0.2 µmol/L of each primer and 0.5 U of DyNAzyme II polymerase enzyme (Finnzymes, 
Espoo, Finland) in a total reaction volume of 20 µl. Forward primers were fluorescently labeled by 
6-FAM, VIC®, NED® and PET® (Applied Biosystems, Foster City, CA, USA). The same PCR 
conditions as described by Sihvonen et al. (2011) were used in this study. One microliter of 1:100 
diluted PCR end products was mixed with 10 µl of HiDi-formamide (Applied Biosystems, USA) 
and 0.3 µl of GeneScan-500 LIZ size standard (Applied Biosystems, USA). After heating at 95 °C 
for 3 min, the size of the end products was determined by capillary electrophoresis with ABI 310 
Genetic analyzer (Applied Biosystems, USA) in GS STR Pop4 G5 module. A five seconds injection 
time and 15 kV injection voltage were used in the electrophoresis. The run time was 27 minutes, the 
voltage 15 kV and the run temperature was set at 60 °C.  
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RESULTS 
 
 
The PCR analysis used for the detection of specie-specific ompF target and the pathogenicity target 
ail, showed the presence of a 660bp amplicon from ompF gene and a 425bp product from the ail 
gene (Figure 1), as expected. 
 
Figure 1: Example of agarose gel electrophoresis of multiplex PCR. M: 
molecular sizes in base 100bp DNA Ladder (Norgen, Canada), Lane 1: Y. 
enterocolitica ail+, Lane 2: Y. enterocolitica ail-, Lane 3: negative sample, 
C+: Yersinia enterocolitica  ATCC 27729, C-: no template control.   
 
 
 
Swine carcasses investigation 
 
Among the 120 samples investigated, 33 were positive to the specie-specific target of the multiplex 
PCR applied in enrichment broth after 48 hours incubation (PSB/PCR) and 31 colonies identified as 
Y. enterocolitica were isolated (Table 19). Among the 33 samples proved to be positive to the 
screening PCR, 30 were confirmed thanks to the microbiological method. The multiplex PCR 
confirmed the specie in all isolated strains and two of these were positive to the virulence target ail. 
One sample positive to the cultural technique was negative to the PSB/PCR. 
660 bp 
425 bp 
500 bp 
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Table 19: Number of strains isolated in each sampling session in 
each slaughterhouse and genomic characterization.  
Abattoir/session Carcasses ompF+ ail+ 
A/1 20 16 0 
A/2 20 12 0 
B/1 20 1 1 
B/2 20 0 0 
C/1 20 1 0 
C/2 20 1 1 
 
The results obtained by serotyping, ail investigation, antibiogramme and restriction profiles with 
enzyme NotI analysis, are showed in Table 20 and in Figure 2.  
 
Table 20: Results of PFGE, serotyping, pathogenicity and antibiogramme tests 
Pulsotipo Sierotipo ail Resistenze agli antibiotici 
I O:3 + NA, AMP, KF, C, S, S3 
II O:5 - AMP, KF 
III / - AMC, AMP, KF 
IV / - NA, AMP, KF 
NA: nalidixic acid, AMP: ampicillin, KF: cefalothin, C: chloramphenicol, S: 
streptomycin, S3: sulfonamides, AMC: amoxicillin-clavulanic acid. 
 
Figure 2: PFGE in a 1% agarose gel, after genomic DNA digestion 
with NotI. Lanes 1-12, strainsi; M, DNA of Salmonella Braenderup 
H9812 digested with Xbal. 
M M M1 2 3 4 5 6 7 8 9 10 11 12
IV IV IV IVIV IVIII IIIIII II I I
 
 
 
As shown in Table 21, 2 of the 31 strains isolated from swine carcasses samples were identified as 
Y. enterocolitica biotype 4 ail+, 15 biotype 1A and the rest produced results not classifiable in any 
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biotype pattern. The results obtained by real-time PCR and MLVA employed in representative 
strains are showed in Table 20. 
 
Table 21: Results of identification and characterization of swine carcasses investigation strains. 
Strain 
Abattoir/
session 
ail ompF Sierotype Biotype 16S ystA ystB yadA myfA hreP PFGE MLVA 
25 A/1 neg pos N. D. N. D. + - + - - - IV x-1-6-x-x-x 
26 A/1 neg pos N. D. 1A         
27 A/1 neg pos N. D. 1A +        
28 A/1 neg pos N. D. 1A +        
29 A/1 neg pos N. D. 1A +        
30 A/1 neg pos N. D. 1A +        
31 A/1 neg pos N. D. 1A +        
32 A/1 neg pos N. D. 1A +        
33 A/1 neg pos N. D. 1A +        
34 A/1 neg pos N. D. 1A +        
35 A/1 neg pos N. D. 1A +        
36 A/1 neg pos N. D. 1A +        
37 A/1 neg pos N. D. N. D. + - + - - - IV x-1-6-x-x-12 
38 A/1 neg pos N. D. N. D. + - + - - - IV x-1-6-x-x-12 
39 A/1 neg pos N. D. 1A + - + - - - III x-1-6-x-5-x 
40 A/1 neg pos N. D. 1A + - + - - - III x-1-6-x-5-12 
41 A/2 neg pos N. D. N. D. + - + - - - IV x-1-6-x-7-12 
42 A/2 neg pos N. D. 1A + - + - - - III x-1-6-x-5-12 
43 A/2 neg pos N. D. N. D. + - + - - - IV x-1-6-x-x-x 
44 A/2 neg pos N. D. N. D. + - + - - - IV x-1-6-x-x-x 
45 A/2 neg pos N. D. N. D. +        
46 A/2 neg pos N. D. N. D. +        
47 A/2 neg pos N. D. N. D. +        
48 A/2 neg pos N. D. N. D. +        
49 A/2 neg pos N. D. N. D. +        
50 A/2 neg pos N. D. N. D. +        
51 A/2 neg pos N. D. N. D. +        
52 A/2 neg pos N. D. N. D. +        
53 B/1 pos pos O:3. 4  + - + + + I 3-2-13-5-10-4 
54 C/1 neg pos O:5. 1A + - + - - - II x-1-13-x-x-12 
55 C/2 pos pos O:3 4  + - + + + I 3-2-13-5-10-4 
neg: negative, pos: positive, N. D.: non determinable 
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Vegetables investigation 
 
Among the 90 samples studied, bacteria with biochemical characteristics distinctive of Yersinia spp. 
have been isolated in 15 samples. Three strains were isolated from one IV range vegetable called 
“poker + fennel” whilst the other isolates were from one tested salad each. All the 17 isolates were 
ompF+ and ail- and 12 were ascribed to biotype 1A. The results obtained by real-time PCR and 
MLVA employed in representative strains are showed in Table 22. 
 
 
Table 22: Results of identification and characterization of vegetables investigation strains. 
Strain N. sample Range Kind of salad ail ompF Biotype 16S ystA ystB yadA myfA hreP MLVA 
56 26 IV poker + fennel neg pos 1A +       
57 26 IV poker + fennel neg pos 1A + - + - - - x-1-10-x-x-x 
58 26 IV poker + fennel neg pos N. D. + - + - - - x-1-2-x-5-x 
59 34 I scarola neg pos N. D. + - + - - -  
60 37 IV poker + fennel neg pos 1A +       
61 38 IV scarola neg pos 1A +       
62 40 IV poker + rocket neg pos N. D. -       
63 41 I radicchio neg pos 1A +       
64 43 I pan di zucchero neg pos 1A +       
65 59 IV poker neg pos N. D. + - + - - - x-1-6-x-6-x 
66 65 I scarola neg pos N. D. + - + - - - x-8-2-x-5-12 
67 62 IV poker + carrots neg pos 1A + - + - - - x-1-7-x-x-x 
68 61 IV mixed salad neg pos 1A +       
69 68 I radicchio neg pos 1A +       
70 77 I scarola neg pos 1A +       
71 74 IV scarola neg pos 1A +       
72 71 IV poker + carrots neg pos 1A        
neg: negative, pos: positive, N. D.: non determinable 
 
 
Burrata investigation 
 
During the burrata investigation, 5 strains were isolated from 5 samples originating from both 
dairies (Table 23). All isolates showed phenotypic characteristics typical of Y. enterocolitica and 
none was ail+. Two strains did not amplify the specie-specific target ompF by multiplex PCR 
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(Table 24) and 4 were ascribed to biotype 1A. The results obtained by real-time PCR and MLVA 
are showed in Table 24. 
 
 
Table 23: Origin of samples and results of Y. entercolitica investigation in “burrata”. 
Production Handmade Industrial 
Sampling session I II I II 
Milk + N.S. + + 
Cream - - - - 
Pasta filata - + - - 
Finished product - + - - 
N.S.: non sampled. 
 
 
Table 24: Results of identification and characterization of burrata investigation strains. 
Strain Origin Api 20E ail ompF Biotype 16S ystA ystB yadA myfA hreP MLVA 
87 
Handmade 
raw milk 
Y. ent.. neg pos 1A 
 - + - - - x-1-5-x-x-12 
88 
Industrial 
pastorized milk 
Y. ent.. neg neg N. D. + - - - - -  
89 
Handmade 
pasta filata 
Y. ent.. neg pos 1A 
 - + - - - x-1-6-x-5-12 
90 
Handmade 
finished 
product 
Y. ent.. neg pos 1A 
 - + - - - x-1-6-x-5-12 
91 
Industrial 
pastorized milk 
Y. ent.. neg neg 1A + - + - - - x-1-6-x-5-x 
Y. ent.: Y. enterocolitica, neg: negative, pos: positive, N. D.: non determinable 
 
 
Patients 
 
As showed in Table 25, the API 20E confirmed the identification of Y. enterocolitica obtained by 
VITEK. Nine strains were serotyped O:3, one O:5, one autoagglutinated and 8 did not reacted with 
any commercial serum. All the samples proved to be positive for ompF and 16 amplified the target 
of ail gene and was ascribed to the biotype 4. The results obtained by real-time PCR and MLVA are 
reported in Table 25. 
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Table 25: Results of identification and characterization of patients strains. 
Strain Vitek API 20E ail ompF Biotype Sierotype 16S ystA ystB yadA myfA hreP MLVA 
2 Y. ent. Y. ent. pos pos 4 autoagg. + + - + + + 7-2-9-10-13-5 
4 Y. ent. Y. ent. pos pos 4 O:3 + + - + + + 5-4-5-7-7-5 
6 Y. ent. Y. ent. pos pos 4 N.D. + + - + + + 9-6-12-10-12-9 
8 Y. ent. Y. ent. pos pos 4 N.D. + + - + + + 10-6-10-8-12-4 
9 Y. ent. Y. ent. neg pos 1A  O:5 + - + - - - x-14-5-x-x-9 
10 Y. ent. Y. ent. pos pos 4 O:3 + + - + + + 3-6-16-8-5-8 
11 Y. ent. Y. ent. pos pos 4 O:3 + + - - + + 8-5-12-14-x-7 
12 Y. ent. Y. ent. neg pos 1A  N.D. + - + - - - x-1-7-x-x-12 
15 Y. ent. Y. ent. pos pos 4 N.D.  + - + + + 11-6-14-21-9-5 
16 Y. ent. Y. ent. pos pos 4 O:3  + - - + + 7-4-x-11-x-8 
17 Y. ent. Y. ent. pos pos 4 O:3  + - - + + 10-2-15-6-14-5 
18 Y. ent. Y. ent. neg pos 1A  N.D. + - - - - -  
19 Y. ent. Y. ent. pos pos 4 O:3  + - - + + 6-9-17-8-8-3 
20 Y. ent. Y. ent. pos pos 4 O:3  + - + + + 3-6-16-8-5-8 
23 Y. ent. Y. ent. pos pos 4 O:3  + - - + + 3-5-14-9-6-9 
24 Y. ent. Y. ent. pos pos 4 O:3  + - - + + 1-5-10-6-5-x 
73 Y. ent. Y. ent. pos pos 4 N.D.  + - + + + 6-2-9-5-10-4 
74 Y. ent. Y. ent. pos pos 4 N.D.  + - + + + 4-2-11-5-15-3 
75 Y. ent. Y. ent. pos pos 4 N.D.  + - + + + 4-4-14-14-7-10 
Y. ent.: Y. enterocolitica, neg: negative, pos: positive, N. D.: non determinable,  autoagg.: autoagglutinated. 
 
 
Meat and IZS carcasses 
 
Among the 19 strains isolated during routinary activity of IZSUM laboratories and identified as Y. 
enterocolitca by Rapid ID 32E, 5 strains reacted with O:5 serum, 5 belonged to serotype O:8, one 
autoagglutinated and 9 strains did not agglutinate any commercial serum. 11 samples were ascribed 
to biotype 1A. No ail+ strains were isolated and three of them did not amplify the ompF target. The 
results obtained by real-time PCR and MLVA employed in representative strains are showed in 
Table 26. 
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Table 26: Results of identification and characterization of meat and IZS carcasses strains. 
Strain Origin ail ompF Serotype Biotype 16S ystA ystB yadA myfA hreP MLVA 
1 swine carcass neg pos O:8 1A + - + - - -  
3 swine muscle neg pos O:8 N. D. + - + - - -  
5 swine carcass neg pos O:5 1A + - + - - -  
7 swine muscle neg pos O:8 1A + - + - - -  
13 sausage neg pos O:5 1A + - + - - -  
14 swine hamburger 
neg pos O:8 N. D. + - + - - -  
21 sausage neg pos O:8 1A + - + - - -  
22 sausage neg pos O:5 1A + - + - - -  
76 Hamburger neg pos O:5 1A  - + - - -  
77 Mixed kebab neg pos N.D. N. D.  - + - - - x-1-2-x-x-x 
78 Mixed kebab neg pos N.D. 1A  - + - - - x-1-5-x-x-x 
79 Mixed kebab neg pos N.D. N. D.  - + - - -  
80 Au gratin loin of pork 
neg pos N.D. 1A 
 - - - - -  
81 Minced meat for stuffing 
neg neg N.D. N. D. + - - - - -  
82 Hamburger neg neg N.D. N.D. + - - - - -  
83 Minced meat neg pos N.D. 1A  - + - - -  
84 Meat balls neg neg O:5 1A + - - - - -  
85 Minced meat neg pos N.D. N. D. + - - - - -  
86 Minced meat neg pos N.D. N. D.        
Y. ent.: Y. enterocolitica, neg: negative, pos: positive, N. D.: non determinable.  
 
63 
 
Wild boars 
 
Among the 145 strains isolated from wild boars, Rapid ID 32E identified 84 Y. enterocolitica 
strains, one Y. frederiksenii, 19 Y. intermedia, 4 Y. pseudotuberculosis, with an accuracy indicated 
by the software between 90,5% and 100% (“good” - “excellent”). 3 strains resulted in “acceptable” 
Y. enterocolitica, however, these were not considered Y. enterocolitica and it was not possible to 
identify the species of the rest 34 isolates because they produced “doubt” or “inacceptable” results. 
The multiplex PCR did not amplify any ail target and identified 45 strains as Y. entercolitica. In 
Table 27 results of PCR and biochemical identification has been reported. 
Further characterizations were applied to representative strains of 3 groups: 21 strains ompF+ Rapid 
ID 32E+; 21 strains ompF+ Rapid ID 32E-; 25 strains ompF- Rapid ID 32E+. 
The results obtained by real-time PCR and MLVA employed in representative strains are showed in 
Table 28. 
 
 
Table 27: Results of identification by Rapid ID 32E and ompF. 
  Rapid ID 32E  
 
 POSITIVE NEGATIVE  TOTAL 
PCR (ompF) 
POSITIVE 22 23  45 
NEGATIVE 62 38  100 
 TOTAL 84 61 145 
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Table 28: Results of identification and characterization of wild boars strains. 
Strain Rapid ID 32E ail ompF Biotype 16S ystA ystB yadA myfA hreP MLVA 
92 Y. enterocolitica neg pos N.D. ₊ ₋ ₊ ₋ ₋ ₋  
93 Y. enterocolitica neg pos N. D. ₊ ₋ ₊ ₋ ₋ ₋  
94 Y. enterocolitica neg pos N. D.        
95 Y. enterocolitica neg pos N. D. ₊ ₋ ₋ ₋ ₋ ₋  
96 Y. enterocolitica neg pos N. D.  ₋ ₋ ₋ ₋ ₋  
97 Y. enterocolitica neg pos N. D.  ₋ ₋ ₋ ₋ ₋  
98 Y. enterocolitica neg pos 1A        
99 Y. enterocolitica neg pos 1A        
100 Y. enterocolitica neg pos 1A  ₋ ₊ ₋ ₋ ₋  
101 Y. enterocolitica neg pos 1A        
102 Y. enterocolitica neg pos 1A  ₋ ₊ ₋ ₋ ₋  
103 Y. enterocolitica neg pos 1A        
104 Y. enterocolitica neg pos N. D. ₊ ₋ ₋ ₋ ₋ ₋  
105 Y. enterocolitica neg pos N. D. ₊ ₋ ₊ ₋ ₋ ₋  
106 Y. enterocolitica neg pos N. D. ₊ ₋ ₊ ₋ ₊ ₋  
107 Y. enterocolitica neg pos N. D.  ₋ ₊ ₋ ₊ ₋  
108 Y. enterocolitica neg pos 1A        
109 Y. enterocolitica neg pos N. D.  ₋ ₊ ₋ ₋ ₋  
110 Y. enterocolitica neg pos 1A        
111 Y. enterocolitica neg pos 1A        
112 Y. enterocolitica neg pos N. D. ₊ ₋ ₊ ₋ ₋ ₋ x-8-2-x-5-10 
113 Y. intermedia neg pos 1A  ₋ ₊ ₋ ₋ ₋ x-9-2-x-4-11 
114 Y. intermedia neg pos 1A  ₋ ₋ ₋ ₋ ₋  
115 Y. spp. neg pos N. D. ₊ ₋ ₋ ₋ ₋ ₋  
116 Y. spp. neg pos N. D.        
117 Y. spp. neg pos 1A        
118 Y. intermedia neg pos N. D. ₋       
119 Y. spp. neg pos N. D.  ₋ ₊ ₋ ₋ ₋ x-x-x-x-5-9 
120 Y. spp. neg pos N. D.  ₋ ₋ ₋ ₋ ₋  
121 Y. spp. neg pos 1A  ₋ ₊ ₋ ₋ ₋  
122 Y. intermedia neg pos 1A  ₋ ₊ ₋ ₋ ₋  
123 Y. intermedia neg pos N. D.  ₋ ₊ ₋ ₋ ₋  
124 Y. intermedia neg pos N. D.        
125 Y. intermedia neg pos N. D.  ₋ ₋ ₋ ₋ ₋  
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Strain Rapid ID 32E ail ompF Biotype 16S ystA ystB yadA myfA hreP MLVA 
126 Y. intermedia neg pos 1A        
127 Y. intermedia neg pos N. D. ₊ ₋ ₊ ₋ ₋ ₋  
128 Y. intermedia neg pos 1A        
129 Y. spp. neg pos N. D.  ₋ ₊ ₋ ₋ ₋  
130 Y. spp. neg pos N. D. ₋       
131 Y. intermedia neg pos N. D.  ₋ ₊ ₋ ₋ ₋ x-x-2-x-x-10 
132 Y. intermedia neg pos 1A  ₋ ₊ ₋ ₋ ₋ x-1-4-10-9-12 
133 Y. intermedia neg pos 1A        
134 Y. enterocolitica neg neg N. D. ₊ ₋ ₋ ₋ ₋ ₋  
135 Y. enterocolitica neg neg N. D.        
136 Y. enterocolitica neg neg N. D.        
137 Y. enterocolitica neg neg N. D.        
138 Y. enterocolitica neg neg N. D.        
139 Y. enterocolitica neg neg N. D.        
140 Y. enterocolitica neg neg N. D.        
141 Y. enterocolitica neg neg N. D.        
142 Y. enterocolitica neg neg N. D. ₊ ₋ ₋ ₋ ₋ ₋  
143 Y. enterocolitica neg neg N. D.        
144 Y. enterocolitica neg neg 1A ₊ ₋ ₊ ₋ ₋ ₋  
145 Y. enterocolitica neg neg N. D.        
146 Y. enterocolitica neg neg N. D.        
147 Y. enterocolitica neg neg N. D.  ₋ ₋ ₋ ₋ ₋  
148 Y. enterocolitica neg neg N. D.  ₋ ₋ ₋ ₋ ₋  
149 Y. enterocolitica neg neg N. D.        
150 Y. enterocolitica neg neg N. D.        
151 Y. enterocolitica neg neg N. D.        
152 Y. enterocolitica neg neg N. D.        
153 Y. enterocolitica neg neg N. D.        
154 Y. enterocolitica neg neg N. D.        
155 Y. enterocolitica neg neg N. D.        
156 Y. enterocolitica neg neg N. D.        
157 Y. enterocolitica neg neg N. D.        
158 Y. enterocolitica neg neg 1A ₊      
neg: negative, pos: positive, N. D.: non determinable 
 
 
66 
 
In summary, a total of 158 presumpitve Y. enterocolitica have been obtained and characterized 
(Table 29). 
 
 
Table 29: Sources, origin and number of characterized strains. 
Sources Origin N. Tot 
Human faeces Hospital 19 19 
Swine carcasses 
IZSUM PG 2 
33 
Investigation 31 
Vegetables Investigation 17 17 
Milk Burrata 
investigation 
3 
5 
Cheese 2 
Meat 
IZSUM PG 6 
17 
IZSUM FM 11 
Wild boar faeces Surveillance 67 67 
TOTAL 158 
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DISCUSSION 
 
Swine carcasses investigation 
 
The results of Y. enterocolitica investigation in swine carcasses of three different slaughterhouse 
proved the presence of this bacterium in pork supply chain in Umbria Region.  
The PSB/PCR method detected the Y. entercolitica specie-specific target in 27.5% samples, thus it 
turned out to be more efficient than culturing. Indeed isolation method allowed the isolation of 31 
ompF+ colonies with a detection rate of 25,8%. This is concordant with earlier studies (231, 303). 
Otherwise, it is common knowledge that PCR can amplify genomic tracts also of not viable 
bacteria, thus an enrichment step was adopted to increase the possibilities of detection of culturable 
bacteria. Moreover, as the pathogen may be present in foods in low numbers (304), the 48 hours 
enrichment step was used to raise the number of Y. enterocolitica. However, it was shown that cold 
enrichment can increase the isolation rate of non- pathogenic Yersinia strains, in particular Y. 
enterocolitica botype 1A (11, 217, 218). 
All the samples that allowed isolation of Y. enterocoltica were positive to the multiplex PCR carried 
out on enrichment broth samples, except than in one. This false negative registered by the screening 
test could depend on a mistake in sampling made after the refrigeration of the carcass, in this 
particular case. It is reasonable to assume that thermal shock led to a slowdown in growth of the 
germ that in 48 hours did not reach a sufficient concentration to be detected by PCR. In conclusion, 
the data in this study showed a substantial agreement between the results produced by multiplex 
PCR applied on 48 hours enrichment broths and those achieved with conventional microbiological 
method. Thus it could be assumed that this biomolecular technique could be applied as rapid 
screening method in accordance with the following scheme: 
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This fact could facilitate the detection of Y. enterocolitica in foods, as conventional technique take 
at least 7-10 days to be conducted whereas PCR could be carried out after two days of enrichment 
and it spend few hours. Moreover, this method is more automatizable, less subjective, cheaper and 
allows the detection of the bacterial species and the pathogenic factor, even concurrently. The 
screening of samples by PCR prior to cultural analysis could allow enforcing microbiological 
methods and bacterial examination of only the positive samples in routine analysis.This would be 
desiderable to fully implement the prenciples of food safety by the European Community in order to 
protect consumer health.  
Most of the strains, even if non pathogenic, was isolated at the abattoir A. A possible point of view 
to try to explain these data is that high contamination level of nonpathogenic Yersinia spp. colud 
inhibit the growth of pathogenic strains proving a low detection degree of the last ones (36). 
However, none of the multiplex PCR employed in the enrichment broth of sponges utilized in 
slaughterhouse A detected the virulence factors. The two Y. enterocolitica ail+ were detected in two 
different slaughterhouses in a single sampling session that showed no contamination of 
nonpathogenic strains.  
The analysis of the macrorestriction fragment profiles generated by the representative strains 
isolated from the carcasses in all abattoirs emphasized the presence of 4 PFGE genomic types that 
are non correlated according to numbers and positions of the bands (Figuer 2). The strains grouped 
in the identical pulsotype showed the same antibiotic susceptibility profile, patogenicity and 
serotype, when detected (Table 20). The strains isolated in slaughterhouse A generated PFGE 
genomic types III and IV whilst the nonpathogenic strain isolated in abbatoir C produced an 
original macrorestriction fragment profile (II). The two pathogenic strain showed the same 
pulsotype even if it was isolated in different facilities, thus it would be supposable a common 
pollution source such as asimptomatic carrers rather than an ambiental contamination. As a matter 
of fact, the second genotyping tool MLVA, having higher discriminatory power than PFGE with the 
NotI enzyme (124), confirmed the omology of these ail+ strains. Moreover, both Y. entoerocolitica 
4/O:3 strains showed the profile ail+ ystA+ ystB- yadA+ myfA+ hreP+ thus it is possible to judge 
these potential fully virulence strains.  
Among the ail- isolates, all strains amplified the ystB target and showed biotyping results to be 
concordant with pulsotype. Indeed, all the pulsotype III strains resulted in biotype 1A and all the 
pulsotype IV colonies were considered non determinable because they resulted to be lipase negative 
and positive for the rest of biotyping tests. Since the comparison of the data obtained by previous 
genotypic and phenotypic identification and biotyping tests did not produce agreeing and enough 
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informations useful for identificating each strains exactly, further API 20E tests incubated at 28°C 
for 24 hours were evaluated in the same strains tested for virulence factors and PFGE. The results of 
each single test and those of biotyping were analyzed together according to interpretative schemes 
including all 17 species in Yersinia genus (15-21). A careful interpretation of the obtained results 
has allowed to confirm the Y. enterocolitica identification in all the biotype 1A strains and to 
hypothesize that the other group could be Y. massiliensis. As a matter of fact, Souza et al.(234) 
proved lipase activity in Y. massiliensis.  
The MLVA applied in this study was developed by Gierczyński et al. (296) to the genotyping of Y. 
enterocolitica bioserogroup 4/O:3 isolates. Indeed, none out of 10 non-biotype 4 strains amplified 
more than four VNTR markers thus these data were considered not acceptable. Anyway, these 
partial data seem to be concordant with PFGE and biotiping results (Table 21).  
Finally, non pathogenic strains were isolated in 25,8% samples but pathogenic Y. enterocolitica 
were recovered in 1,7%. This isolation rate resulted to be higher than those recorded by previous 
studies, indeed non-pathogenic Y. enterocolitica were isolated in 1% (142), 4,7% (305) and 0% 
(143) of the pork carcasses sampled in Italy. Moreover, in these studies no pathogenic strains were 
collected from carcasses even if some were collected from caecal or scalding vat water samples. In 
the present study chest, cheek and thigh were sampled with sponges while in the previous studies 
usually swabs were used and when sponges were used only thigh were sampled.  
 
Vegetables investigation 
 
The Y. enterocolitica investigation in vegetable samples resulted in 16,6 % isolation rate of bacteria 
with biochemical characteristics distinctive of Yersinia spp.. in the analyzed samples (Table 22) .  
Most of the samples were tested also for 16S rRNA target and only one did not amplified the specie 
specific target. Further identification with API 20E were carried out, as previously described, and 
the sample 62 was biochemically classified as Serratia fonticola showing a misidentifiacation by 
ompF target. Moreover, further biochemical tests were done in the non-biotyped isolates and in two 
1A strains representative of whole group. The biotype 1A strains and those that showed positive 
results for biotyping tests but negative for lipasy were confirmed as Y. enterocolitica, whilst the 
strain 59 showed biotype and API 20E results ascribing to Y. kristensenii. It should be stressed that 
also this strain amplified the ystB indicating a non absolute specificity of this target due to the 
homology between the enterotoxin genes of Y. enterocolitica and of Y. kristensenii, also previously 
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described (74). As expected, none out of 5 tested by MLVA strains produced acceptable data, 
anyway, the partial data showed no homology. 
All the bacteria were recovered from the factory A and no important correlation seems to be 
between the different kinds of salads and the rate of isolation. However, 5 of the 13 Y. 
enterocolitica positive samples were I range products with 11,9% isolation rate whilst IV range 
products resulted in a higher isolation rate (16,3%) because of 8 ready-to-eat vegetables resulted to 
be contaminated by Y. enterocolitica (Table 22).  
These data is slightly higher than those reported in a previous study by Cocolin et al. (9) who found 
11,1% isolation rate of Y. enterocolitca from ready-to-eat vegetables from Italy, whereas Yersinia-
like colonies were isolated in 77% of the 27 samples, among them also this Autor relayed isolation 
of Serratia sp.. Also Lee et al. (306) reported the isolation of Y. kristensenii but in this study Y. 
enterocolitica were detected only in 2,7% of the 673 ready-to-eat vegetables from Korean market 
and most of them were biotype 1A. Moreover, this Autor found that 3 Y. enterocolitica strains were 
shown to have a virulence gene. Usually pathogenic strains were not detected in any of the samples 
examined (160, 307). Anyway, it should be stressed that, recently, bagged salad mix containing 
radicchio rosso exported from Italy to Norway was indicated as source of a possible outbreak 
involving 21 cases of Yersinia enterocolitica O:9 infection (136).  
 
Burrata investigations 
 
The search for Y. enterocolitica in burrata investigation registered that milk was the most 
contaminated matrix (Table 23) but no pathogenic strains were isolated (Table 24). All the isolates 
amplified the target for the enterotoxin associated to biotype 1A except strain number 88. 
The phenotypic and genotypic identifications of both strains isolated from industrial diary produced 
contrasting data, indeed, both resulted ompF- but 16S rRNA+. Thus, in order to try better 
identification, the five isolates were also analyzed by API 20E incubated at 28°C. The interpretation 
of single tests and the biotyping examinations together confirmed Y. enterocolitica identification in 
all 1A strains whereas the strain 88, isolated from pastorized milk, were named Y. enterocolitica-
like because resulted to be tween esterase, pyrazinamidase, Voges-Proskauer and ornithine 
decarboxylase negative. Finally, it seemed that in the strain 88 16S rRNA identification was 
unsuccessful, on the contrary, in the strain 91 ompF target failed.  
It should be stressed that the pasta filata and the finished product of the same sampling section in 
handmade facility resulted to be contaminated by two ystB+ Y. enterocolitica strains showing the 
71 
 
same MLVA profile, although partial. Thus it would be supposable a common pollution source 
such as milk, even if, unfortunately, in this case,it was not possible to sample the matrix of the same 
batch, making impossible any confirmation tests.  
Contrary to our isolation rate, Y. enterocolitica has been isolated from milk in low rate, indeed for 
example, Soltan-Dallal et al. (171) recovered this bacterium in 1,6% milk samples and most of them 
were 1A. Also most of the strains analyzed by Filetici et al. (172) and isolated from milk and cheese 
in Italy were non pathogenic, even if one sample was biotype 4/O:3. Sometimes, these foods have 
been implicated in outbreaks caused by Y. enterocolitica biotype 1B, also recently (132, 169-172). 
Even if no isolates from burrata cheese were grouped in pathogenic biotype, all the Y. enterocolitica 
isolated amplified ystB. Moreover, biotype 1A seemed to be the cause of outbreaks in wich milk 
was implicated (186, 187).  
 
Patients 
 
Among the collection of Y. enterocolitica strains recovered from stools of patients, 16 were 
considered pathogenic except 3. Nine of the ail+ strains are bioserotype 4/O:3, the most common 
noticed in pathogenic strains in Europe and often cause of disease in humans (6).  
Among the 3 biotype 1A isolates the strain 18 did not amplify ystB and further API 20E analysis 
showed biochemical profile reportable to Y. frederiksenii, although both ompF and 16S rRNA 
specie-specific targets were amplified.  
Ten pathogenic Y. enterocolitica strains, exhibited the genotype ystA+ yadA+ myfA+ hreP+ and 6 
showed the genotype ystA+ yadA- myfA+ hreP+ (Table 25). Thus 37,5% ail+ strains isolated from 
patients did not show fully virulence genomic pattern because of missing the plasmid target. The 
failed detection of this virulence factor could be also attributable to several passages and 
manipulation made in many laboratories that the strains of this study were subjected. Indeed, yadA 
is a plasmid gene so it may not be detected when the virulence plasmid is lost during laboratory 
manipulation (39, 261). 
All the strains biotype 4 were successfully characterized by MLVA, even if three samples amplified 
only five or four VNTR markers, out of 6 used. MLVA was capable of distinguishing 15 genotypes 
among 16 isolates of Y. enterocolitica 4/O3. Moreover, the strains 10 and 20, isolated during the 
same year, showed identical VNTR patterns, unfortunately there are not any further informations 
about the samples (Table 25).  
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Pathogenic Y. enerocolitica has earlier been recovered among Italian patients. For example, 
Mingrone et al. (308) reported that 1.4% of the 2,500 fecal samples collected from children with 
diarrhea in the province of Siena, was positive for Yersinia enterocolitica. Among these isolates, 
only 1 belonged to biotype 1, 94.2% was biotype 4 and 2,8% was 2/O:9. Ours data did not showed 
any biotype 2/O:9 and 84,2% of the tested isolates belonged to bio-serotype 4/O:3, the most 
common type found also in some other studies (172, 309). Y. enterocolitica has been incriminated 
in sporadic cases involving children and adults, often characterized by self limiting diarrhea and 
only rarely they required urgent surgery for pelvi-peritonitis due to intestinal perforation on 
necrotic-ulcerative ileitis with adenomesenteritis (110, 310-312). As previously described, two of 
the strains isolated from patients showed identical MLVA profile and these data are in according 
with those reported by Filetici et al. (309). Indeed, the Author found high prevalence of biotype 
4/O:3 strains among human isolates and two geographically correlated isolates showed genotype 
homology by PFGE.   
The isolation of phenotypically identified Y. frederiksenii in this study is concurdant with the results 
obtained by Greenwood et al. (313), although the Autor reported high isolation rate of this not well 
established pathogenicity species in human faecal specimens in the United Kingdom. In Europe, Y. 
enterocolitica 4/O:3 is the most frequently isolated from pigs but also the most commonly notified 
pathogenic bio-serotype, along with 2/O:9 (2). For example, it was reported that almost 90% of 
strains involved in human yersiniosis in Germany were diagnosed as serotype O:3 (141, 314). 
Usually O:9 has been detected in a lower rate, evn if in France, during 1996, there was an increase 
in human cases of Y. enterocolitica O:9 infection (315). On the other hand, in Finland, among the 
406 Y. enterocolitica strains isolated from routinely submitted stool samples patients during 2010, 
pathogenic Y. enterocolitica were found in 18% (183). In consequence, the majority of all the 
notified findings consisted of Y. enterocolitica biotype 1A and Y. enterocoltica-like strains 
including Y. bercovieri, Y. frederiksenii, Y. intermedia, Y. kristensenii,Y. mollaretii and Y. rohdei 
(183).  
 
Meat and IZS carcasses 
 
No pathogenic Y. enterocolitica were found in samples collected during the routinary activity of 
IZSUM laboratories.  
Some contradictory results in biomolecular identification and non determinable biotype were 
obtained (Table 26) thus further characterizations by API 20E tests were acquired. All the ompF+ 
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biotype 1A strains tested were confirmed as Y. enterocolitica, as well as strains 3 and 77, wich did 
not show tween esterase activity. The strain 14 was considered Y. massiliensis and, among the three 
strains ompF- and 16S rRNA+, 81 and 82 were named Y. enterocolitica-like and 84 Y. frederiksenii. 
Therefore in these cases ompF seemed to be more specific than the other biomolecolar target. On 
the other hand, the strain 85, wich amplified both specie-specific targets, showed a biochemical 
profile characteristic of Y. kristensenii.  
Among the Y. enterocolitca confirmed by API 20E, only the strain 80 did not show the ystB target. 
Also the strain 79 amplified the enterotoxin B gene, even if it was named Y. enterocolitica-like 
because ONPG and tween esterasy tests results were negative. In consequence,  in this case, either 
the ystB target used in this study did not prove specificity to Y. enterocolitica biotype 1A or  there 
was a misidentification in biochemical classification of this strain. No significant data were 
produced by MLVA in these strains. 
Finally, among the 19 strains collected from meat and swine carcasses, no pathogenic Y. 
enterocolitica were found even if 13 traditionally designated as non-pathogenic biotype and species 
recovered the virulence factor ystB.  
Although pathogenic isolates have seldom been recovered from food samples, food, particularly 
pork, has been proposed to be the main source of intestinal yersiniosis (93).  
Our results are consistent with previous studies reporting Y. enterocolitica isolation from pork and 
pork products collected at retail level from stores in Italy. Most of the recovered strains beloged to 
bioserotype 1A or, however, were not typable (166, 167, 172, 309) and were found not only in pork 
but also in chicken (166), with a detection rate higher than pork, and beef (177), in low percentage. 
Contrary to our data, some pathogenic Y. enterocolitica have been recovered from food in Itlay 
(166, 316, 317). Indeed, Bonardi et al. (166) isolated a bioserotype 2/O:9 from raw pork product, 
showing ail and ystA virulence markers and from raw chicken, also yadA+. Yersinia spp. non Y. 
enterocolitica, included Y. frederiksenii, were also recovered from pork (318). 
Our data basically agree with the EFSA report (1) that recorded no pathogenic Y. enterocolitica 
isolation from fresh and meat products, even if no Yersinia spp. were registered. On the other hand, 
on average, 4.8 % of pig meat units were found positive for Y. enterocolitica in the reporting 
European Union Member States group during 2009, with peak of 48% in Spain.  
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Wild boars 
 
Among the collection of 145 Y. enterocolitica strains recovered from wild boars faeces collected in 
Umbria Region, no pathogenic Y. enterocolitica were isolated (Table 28), thus Umbrian wild boar 
did not seem to be a reservoir of this pathogen. 
The comparison of data obtained by biochemical identification by Rapid ID 32E and the detection 
of ompF gene showed important contradictory results (Table 27). API Rapid 32E identified Y. 
enterocolitica in 57,9% of the strains with a rate higher than multiplex PCR, 31,0%. Concordant 
data obtained by the two identification technique was registered only for 60 samples, of wich 22 
positives. According to the Table 27, the strains were grouped into 4 clusters and further 
characterizations were applied to 67 strains belonging to 3 groups: 21 ompF+ / Rapid ID 32E+; 21 
ompF+ / RapidID 32E-; 25 ompF- / Rapid ID 32E+. 
All the 67 strains were analized by biotiping tests, 20 were 1A (Table 28), and 33 representative 
strains were tested for virulence factors and API 20E.  
Among the group ompF+ / Rapid ID 32E+, many samples were not confirmed as Y. enterocolitica, 
indeed 4 strains showed phenotypic profile characteristic of Y. kristensenii, one Y. massiliensis and 
4 were considered Y. enterocolitica-like. Only 4 strains were phenotypically classified Y. 
enterocolitica 1A, even if 2 were lipase negative. Thus, ompF showed low discriminatory power  
and also 16S rRNA did not disitguished Y. enterocolitica from other species. 
Among the group ompF+ / Rapid ID 32E-, strains 118 and 130 showed profile ascribable to 
Serratia fonticola but these did not amplified 16S rRNA, thus this target showed more 
discriminatory power than ompF. Among the 13 further tested strains, 6 were phenotypically 
classified Y. enterocolitica 1A, even if 3 were lipase negative, 3 Y. massiliensis, e 3 Y. 
bercovieri/mollaretii and one Y. enterocolitica-like. Y. bercovieri should be distinguish from Y. 
mollaretii by L-sorbose or L-fucose utilization tests, for example, but the exact identification of 
Yersinia species was not the aim of this study.  
Among the group ompF - / Rapid ID 32E+, the 25 strains tested showed only two biotyping profile: 
strains 144 and 158 were biotype 1A and the rest were positive for xylose, trehalose and 
pyrazinamidase and negative for salicilin, aesculine and tween. Further characterizations were 
applied for 5 rapresentative strains: one 1A strain, wich confirmed Y. enterocolitca identification, 
and 4 showed biochemical profile ascribable to Y. bercovieri/mollaretii. The 25 strains were 
selected between 62 group ompF- / Rapid ID 32E+ because of their 99,9% accuracy identification, 
thus data of this group showed a probable higher ompF discriminatory power than  first biochemical 
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identification although 2 presuntive Y. enterocolitica strains were ompF negative. Moreover, both Y. 
bercovieri/mollaretii tested by 16S rRNA amplified the target, as happened in the previous group. 
No significant data were produced by MLVA in wild boars isolates. 
Abut the virulence factors, only ystB was found in some strains. In particular, all the Y. 
enterocolitca 1A, also those tween esterasy negative, and all the Y. massiliensis tested amplified this 
virulence target. On the other hand, the strains 92, 106 and 107, resulting Y. enterocolitica-like, and 
the 105 strain, showing biochemical characteristics typical of Y. kristensenii, amplified the 
enterotoxin B gene, thus, in these cases, it seemed that ystB target used in this study did not prove 
specificity to Y. enterocolitica biotype 1A.  
In conclusion, among the  strains collected from wild boars faeces, no pathogenic Y. enterocolitica 
were found even if strains traditionally designated as non-pathogenic recovered the virulence factor 
ystB.  
Contrary to swine, only a few studies about the research of Y. enterocolitica in wild boars are 
published. In Italy, Y. enterocolitica has been recovered from 6% among 50 samples of wild boar 
muscle collected, as Ercolini et al. reported (318). Pathogenic Y. enterocoltica were isolated from 
tonsils and faeces of wild boars sampled in Switzerland and belonged to bioserotype such as 4/O:3 
and 2/O:9, common type causing human yersiniosis in Europe, and those showed virulence factors 
such as ail, virF and hreP (147). Moreover, Fredriksson-Ahomaa et al. reported that isolation rate 
was significantly lower in wild boars compared to domestic pigs, this divergence could be caused 
by differences in living conditions such as intensive breeding making easier the transmission of Y. 
enterocolitica. The strains analyzed in this study were recovered from faeces but it has already been 
shown that enteropathogenic Yersinia, especially Y. enterocolitica, can more efficiently be isolated 
from tonsils than from faeces of wild boars and pigs at slaughter (141, 147, 319, 320).  
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CONCLUSIONS 
 
 
The results of the multiplex PCR carried out on enrichment broth samples after 48 hours incubation 
suggest that this technique could be reliable and time saving if used as rapid screening method in 
the research of pathogenic strains. However, as observed in other studies, effective isolation media 
are needed, because isolation of Y. enterocolitica strains is essential for bacterial characterization 
and epidemiological information (11). Actually, in this study a few samples were collected and cold 
enrichment method, that is considered as the more effective for isolating enteropathogenic Yersinia 
spp. method (5), was not used. Although this fact, the detection rate was 25,8%. It could be 
hypotizable that a more time consuming detection method could produce higher isolation rate but it 
was not chosen because it does not agree with principles of routinary official food analysis. Two Y. 
enterocolitica 4/O:3 showing all the tested virulence factors were recovered from swine carcasses 
slaughtered in two different abattoirs and most of the strains isolated amplified the target for 
enterotoxin B. This data confirmed the hypothesis that fattening pigs seem to be important reservoir 
of pathogenic Y. enterocolitica in Umbria Region. In order to reduce the risk represented by this 
enteropathogenic bacterium to the consumer health, it is necessary to reduce contamination of 
carcasses through the increasing of care during evisceration and meat inspection procedures, 
considering that tonsils are a major contamination source in slaughterhouses.  
On the contrary to previous study in other countries (147), no well known biotype pathogenic Y. 
enterocolitica were recovered from wild boars faeces.  
The comparison of ompF and 16S rRNA specie-specific targets produced discordant results and the 
employment of both markers produced false negative and positive results, involving various 
Yersinia spp. and Serratia fonticola. On the other hand, biochemical identification of Yersinia 
species are not easy, and house keeping gene sequencing should be employed to obtain clear 
identifications.  
All the pathogenic strains recovered from human faeces and from swine carcasses amplified all the 
chromosomal virulence factors and strains non biotype 4 did not showed any virulence factor, with 
the exception of ystB, contrary to some Autors (166, 192, 321). Indeed, each chromosomal 
virulence gene used in this study as virulence factor showed high specificity for pathogenic strains 
because PCR detecting ail, ystA, myfA and hreP did not produced any negative or positive false 
results. Six Y. enterocolitica 4/O:3 recovered from clinical specimens did not show yadA target and 
plasmid loss during laboratory manipulation were supposed. 
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The target for heat-stable enterotoxin B was amplified in 95,6% of the strains biochemically 
identified Y. enterocolitica tested for virulence factors, showing some times a percentage higher 
than previous studies (166, 182, 192, 194-196). Moreover, ystB was detected in all the isolates 
producing a biochemical pattern ascribable to Y. massilensis, but also in Y. kristensenii and Y. 
enterocolitica-like strains, considered false-positive results. Anyway, it was never detected in 
pathogenic Y. enterocolitica.  
Regarding Y. enterocolitica biotype 1A strains, some authors have showed that this biotype is not as 
harmless as it is believed and there are suggestions that some of these organisms may cause disease 
with different mechanisms other than Y. enterocolitica strains representing pathogenic biotypes. 
The presence of biotype 1A harbouring ystB gene in all matrices analyzed could be an health risk 
for high-risk consumers. In particular, our data showed that it would pay attention to ready-to-eat 
products such as bagged salads and burrata cheese because no sanitation or cooking could reduce 
the risk and Yersinia grows well in cold environments and can survive freezing.  
It is important to mention that none of the human isolates of Y. enterocolitica was classified as 
biotype 1B, which is linked to high virulence.  
The MLVA showed the same patterns in two Y. enterocoltica 4/O:3 isolated from stoll patients and 
in the strains recovered from carcasses sampled in two different abattoirs, also confirmed by PFGE. 
On the other hand, there were no correlation between human and swine carcasses pathogenic strains 
genotypes produced by MLVA.  
In conclusion, further investigations are necessary to study the epidemiology and to identify the 
sources of infections of pathogenic Y. enterocoltica in Italy; for this purpose biochemical and 
biomolecular characterization should be used. 
 
 
 
78 
 
ACKNOWLEDGEMENTS 
 
 
I am deeply grateful to: 
 
My supervisor Prof. Anna Rita Loschi for her valuable collaboration in many stages throughout this 
study and for supporting me during the PhD. 
 
My supervisor Dr. Silvia Preziuso for introducing me the world of molecular biology and for 
reviewing the thesis. 
 
My supervisor Dr. Silvana Farneti for her skillful technical assistance, for the instructive and 
supportive discussions. 
 
Dr. Stefania Scuota and her staff for receiving me heartily in the Biological Contaminants 
Laboratory of IZSUM in Perugia. 
 
Dr. Giuliana Blasi who inspired me to study Yersinia enterocolitica during my PhD and the staff of 
Food Safety Laboratory of IZSUM in Fermo for the collaboration. 
 
Prof. Fredriksson-Ahomaa who was willing to share her vast knowledge about Yersinia with me 
and for giving me a warm welcome in Helsinki. 
 
Dr. Sonja Virtanen for her kindness in giving me assistance in MLVA. 
 
My “University family”, Prof. Anna Rita Loschi, Prof. Stefano Rea, Dr. Silvia Cecchini and, in 
particular, Dr. Roberta Stocchi for housing me several times. 
 
My family for supporting me during the studies and my friends for their patience. 
 
My beautiful wife Lucia for sharing with me our life. 
 
God for everything! 
79 
 
REFERENCES 
1. EFSA. (2011) The European Union summary report on trends and sources of zoonoses, zoonotic 
agents and food-borne outbreaks in 2009, The EFSA Journal 9, 1-378. 
2. EFSA. (2007) Scientific Opinion of the Panel on BIOHAZ on a request from EFSA on monitoring and 
identification of human enteropathogenic Yersinia spp., The EFSA Journal 595, 1-30. 
3. EFSA. (2009) Technical specifications for harmonised national surveys of Yersinia enterocolitica in 
slaughter pigs on request of EFSA., The EFSA Journal 7, 1-23. 
4. Minnich, S. A., Smith, M. J., Weagent, S. D., and Feng, P. (2001) Yersinia., Foodborne Diesease 
Handbook. Second edition 1, 471-514. 
5. Laukkanen, R., Hakkinen, M., Lunden, J., Fredriksson-Ahomaa, M., Johansson, T., and Korkeala, H. 
(2009) Evaluation of isolation methods for pathogenic Yersinia enterocolitica from pig intestinal 
content, J Appl Microbiol 108, 956-964. 
6. Bottone, E. J. (1999) Yersinia enterocolitica: overview and epidemiologic correlates, Microbes Infect 
1, 323-333. 
7. Fredriksson-Ahomaa, M., Hallanvuo, S., Korte, T., Siitonen, A., and Korkeala, H. (2001) 
Correspondence of genotypes of sporadic Yersinia enterocolitica bioserotype 4/O:3 strains from 
human and porcine sources, Epidemiol Infect 127, 37-47. 
8. Martinez, P. O., Fredriksson-Ahomaa, M., Pallotti, A., Rosmini, R., Houf, K., and Korkeala, H. (2010) 
Variation in the prevalence of enteropathogenic Yersinia in slaughter pigs from Belgium, Italy, and 
Spain, Foodborne Pathog Dis 8, 445-450. 
9. Cocolin, L., and Comi, G. (2005) Use of a culture-independent molecular method to study the 
ecology of Yersinia spp. in food, Int J Food Microbiol 105, 71-82. 
10. Alexandrino, M., Grohmann, E., and Szewzyk, U. (2004) Optimization of PCR-based methods for 
rapid detection of Campylobacter jejuni, Campylobacter coli and Yersinia enterocolitica serovar 0:3 
in wastewater samples, Water Res 38, 1340-1346. 
11. Fredriksson-Ahomaa, M., and Korkeala, H. (2003) Low occurrence of pathogenic Yersinia 
enterocolitica in clinical, food, and environmental samples: a methodological problem, Clin 
Microbiol Rev 16, 220-229. 
12. Bottone, E. J., Bercovier, H., and Mollaret, H. H. (2005) Genus XLI. Yersinia In: Bergey’s Manual of 
Systematic Bacteriology, Springer, New York,, 838 - 848. 
13. Bergann, T., Kleemann, J., and Sohr, D. (1995) Model studies of psychrotrophia in Yersinia 
enterocolitica, Zentralbl Veterinarmed B 42, 523-531. 
14. Euzéby, J. P. (1997) List of bacterial names with standing in nomenclature: a folder available on the 
internet. (list of prokaryotic names with standing in nomenclature. Last full update November 28th, 
2011. URL: http://www.bacterio.cict.fr/index.html), Int. J. Syst. Bacteriol 47, 590-592. 
15. Wauters, G., Janssens, M., Steigerwalt, A. G., and Brenner, D. J. (1988) Yersinia mollaretii sp. nov. 
and Yersinia bercovieri sp. nov., formerly called Yersinia enterocolitica biogroups 3A and 3B, Int J 
Syst Bacteriol 38, 424-429. 
16. Sprague, L. D., and Neubauer, H. (2005) Yersinia aleksiciae sp. nov, Int J Syst Evol Microbiol 55, 831-
835. 
17. Merhej, V., Adekambi, T., Pagnier, I., Raoult, D., and Drancourt, M. (2008) Yersinia massiliensis sp. 
nov., isolated from fresh water, Int J Syst Evol Microbiol 58, 779-784. 
18. Sprague, L. D., Scholz, H. C., Amann, S., Busse, H. J., and Neubauer, H. (2008) Yersinia similis sp. nov, 
Int J Syst Evol Microbiol 58, 952-958. 
19. Murros-Kontiainen, A., Fredriksson-Ahomaa, M., Korkeala, H., Johansson, P., Rahkila, R., and 
Bjorkroth, J. (2010) Yersinia nurmii sp. nov, Int J Syst Evol Microbiol 61, 2368-2372. 
20. Murros-Kontiainen, A., Johansson, P., Niskanen, T., Fredriksson-Ahomaa, M., Korkeala, H., and 
Bjorkroth, J. (2010) Yersinia pekkanenii sp. nov, Int J Syst Evol Microbiol 61, 2363-2367. 
21. Hurst, M. R., Becher, S. A., Young, S. D., Nelson, T. L., and Glare, T. R. (2011) Yersinia entomophaga 
sp. nov., isolated from the New Zealand grass grub Costelytra zealandica, Int J Syst Evol Microbiol 
61, 844-849. 
80 
 
22. Chen, P. E., Cook, C., Stewart, A. C., Nagarajan, N., Sommer, D. D., Pop, M., Thomason, B., 
Thomason, M. P., Lentz, S., Nolan, N., Sozhamannan, S., Sulakvelidze, A., Mateczun, A., Du, L., 
Zwick, M. E., and Read, T. D. (2010) Genomic characterization of the Yersinia genus, Genome Biol 
11, R1. 
23. Fernandez, L., Mendez, J., and Guijarro, J. A. (2007) Molecular virulence mechanisms of the fish 
pathogen Yersinia ruckeri, Vet Microbiol 125, 1-10. 
24. Tobback, E., Decostere, A., Hermans, K., Haesebrouck, F., and Chiers, K. (2007) Yersinia ruckeri 
infections in salmonid fish, J Fish Dis 30, 257-268. 
25. Bercovier, H., Mollaret, H. H., Alonso, J. M., Brault, J., Fanning, G. R., Steigerwalt, A. G., and 
Brenner, D. J. (1980) Intra- and interspecies relatedness of Yersinia pestis by DNA hybridization and 
its relationship to Yersinia pseudotuberculosis, Curr. Microbiol. 4, 225 - 229. 
26. Williams, J. E. (1984) Proposal to Reject the New Combination Yersinia pseudotuberculosis subsp. 
pestis for Violation of the First Principle of the International Code of Nomenclature of Bacteria: 
Request for an Opinion., Int J Syst Bacteriol 34, 268-269. 
27. Wayne, L. G. (1986) Actions of the judicial commission of the international committee on 
systematic bacteriology on requests for opinions published in 1983 and 1984, Int J Syst Bacteriol 36, 
357-358. 
28. Chain, P. S., Carniel, E., Larimer, F. W., Lamerdin, J., Stoutland, P. O., Regala, W. M., Georgescu, A. 
M., Vergez, L. M., Land, M. L., Motin, V. L., Brubaker, R. R., Fowler, J., Hinnebusch, J., Marceau, M., 
Medigue, C., Simonet, M., Chenal-Francisque, V., Souza, B., Dacheux, D., Elliott, J. M., Derbise, A., 
Hauser, L. J., and Garcia, E. (2004) Insights into the evolution of Yersinia pestis through whole-
genome comparison with Yersinia pseudotuberculosis, Proc Natl Acad Sci U S A 101, 13826-13831. 
29. Van Loghem, J. J. (1944) The classification of the plague bacillus, Antonie Leeuwenhoek 10, 15-16. 
30. Schleifstein, J. I., and Coleman, M. B. (1939) An unidentified microorganism resembling B. lignieri 
and Past. psedeudotuberculosis, and pathogenic for man., New York State J Med 34, 1749–1753. 
31. Frederiksen, W. (1964) A study of some Yersinia pseudotuberculosis-like bacteria (“Bacterium 
enterocoliticum” and “Pasteurella X”). Scand. Congr. Pathol. Microbiol. 14, 103 - 104. 
32. Ewing, W. H., Ross, A. J., Brenner, D. J., and Fanning, G. R. (1978) Yersinia ruckeri sp. nov., the 
redmouth (RM) bacterium., Int. J. Syst. Bacteriol. 28, 37 - 44. 
33. Bercovier, H., Steigerwalt, A. G., Guiyoule, A., Huntley-Carter, G., and Brenner, D. J. (1984) Yersinia 
aldovae (formerly Yersinia enterocolitica-like group X2): a new species of Enterobacteriaceae 
isolated from aquatic ecosystems., Int. J. Syst. Bacteriol. 2, 166–172. 
34. Aleksic, S., Suchan, G., Bockemühl, J., and Aleksic, V. (1991) An extended antigenic scheme for 
Yersinia pseudotuberculosis, Contr Microbiol immunol 12, 239–243. 
35. Neubauer, H., Aleksic, S., Hensel, A., Finke, E. J., and Meyer, H. (2000) Yersinia enterocolitica 16S 
rRNA gene types belong to the same genospecies but form three homology groups, Int J Med 
Microbiol 290, 61-64. 
36. Bottone, E. J. (1997) Yersinia enterocolitica: the charisma continues, Clin Microbiol Rev 10, 257-276. 
37. Adams, M. R., and Moss, M. O. (2000) Food Microbiology, Second edition, Royal Society of 
Chemistry, 264-269. 
38. Nissen, H., Alvseike, O., Bredholt, S., Holck, A., and Nesbakken, T. (2000) Comparison between the 
growth of Yersinia enterocolitica, Listeria monocytogenes, Escherichia coli O157:H7 and Salmonella 
spp. in ground beef packed by three commercially used packaging techniques, Int J Food Microbiol 
59, 211-220. 
39. Goverde, R. L., Kusters, J. G., and Huis in 't Veld, J. H. (1994) Growth rate and physiology of Yersinia 
enterocolitica; influence of temperature and presence of the virulence plasmid, J Appl Bacteriol 77, 
96-104. 
40. Wauters, G., Kandolo, K., and Janssens, M. (1987) Revised biogrouping scheme of Yersinia 
enterocolitica, Contrib Microbiol Immunol 9, 14-21. 
81 
 
41. Howard, S. L., Gaunt, M. W., Hinds, J., Witney, A. A., Stabler, R., and Wren, B. W. (2006) Application 
of comparative phylogenomics to study the evolution of Yersinia enterocolitica and to identify 
genetic differences relating to pathogenicity, J Bacteriol 188, 3645-3653. 
42. Ostroff, S. (1995) Yersinia as an emerging infection: epidemiologic aspects of yersiniosis, Contrib 
Microbiol Immunol 13, 5-10. 
43. Ichinohe, H., Yoshioka, M., Fukushima, H., Kaneko, S., and Maruyama, T. (1991) First isolation of 
Yersinia enterocolitica serotype O:8 in Japan, J Clin Microbiol 29, 846-847. 
44. Schubert, S., Bockemuhl, J., Brendler, U., and Heesemann, J. (2003) First isolation of virulent 
Yersinia enterocolitica O8, biotype 1B in Germany, Eur J Clin Microbiol Infect Dis 22, 66-68. 
45. Cornelis, G. R., Boland, A., Boyd, A. P., Geuijen, C., Iriarte, M., Neyt, C., Sory, M. P., and Stainier, I. 
(1998) The virulence plasmid of Yersinia, an antihost genome, Microbiol Mol Biol Rev 62, 1315-
1352. 
46. Kapperud, G., Namork, E., Skurnik, M., and Nesbakken, T. (1987) Plasmid-mediated surface fibrillae 
of Yersinia pseudotuberculosis and Yersinia enterocolitica: relationship to the outer membrane 
protein YOP1 and possible importance for pathogenesis, Infect Immun 55, 2247-2254. 
47. Heesemann, J., and Laufs, R. (1983) Construction of a mobilizable Yersinia enterocolitica virulence 
plasmid, J Bacteriol 155, 761-767. 
48. Paerregaard, A., Espersen, F., Jensen, O. M., and Skurnik, M. (1991) Interactions between Yersinia 
enterocolitica and rabbit ileal mucus: growth, adhesion, penetration, and subsequent changes in 
surface hydrophobicity and ability to adhere to ileal brush border membrane vesicles, Infect Immun 
59, 253-260. 
49. Fredriksson-Ahomaa, M. (2001) Molecular epidemiology of yadA-positive Yersinia enterocolitica, 
Academic dissertation in Faculty of Veterinary Medicine of the University of Helsinki. 
50. Lachica, R. V., and Zink, D. L. (1984) Plasmid-associated cell surface charge and hydrophobicity of 
Yersinia enterocolitica, Infect Immun 44, 540-543. 
51. Skurnik, M., Bolin, I., Heikkinen, H., Piha, S., and Wolf-Watz, H. (1984) Virulence plasmid-associated 
autoagglutination in Yersinia spp, J Bacteriol 158, 1033-1036. 
52. Heesemann, J., Gross, U., and Gruter, L. (1987) Genetic manipulation of virulence of Yersinia 
enterocolitica, Contrib Microbiol Immunol 9, 312-316. 
53. Ruckdeschel, K., Roggenkamp, A., Schubert, S., and Heesemann, J. (1996) Differential contribution 
of Yersinia enterocolitica virulence factors to evasion of microbicidal action of neutrophils, Infect 
Immun 64, 724-733. 
54. Neyt, C., Iriarte, M., Thi, V. H., and Cornelis, G. R. (1997) Virulence and arsenic resistance in 
Yersiniae, J Bacteriol 179, 612-619. 
55. Portnoy, D. A., Wolf-Watz, H., Bolin, I., Beeder, A. B., and Falkow, S. (1984) Characterization of 
common virulence plasmids in Yersinia species and their role in the expression of outer membrane 
proteins, Infect Immun 43, 108-114. 
56. Heesemann, J., Algermissen, B., and Laufs, R. (1984) Genetically manipulated virulence of Yersinia 
enterocolitica, Infect Immun 46, 105-110. 
57. Portnoy, D. A., Moseley, S. L., and Falkow, S. (1981) Characterization of plasmids and plasmid-
associated determinants of Yersinia enterocolitica pathogenesis, Infect Immun 31, 775-782. 
58. Miller, V. L., and Falkow, S. (1988) Evidence for two genetic loci in Yersinia enterocolitica that can 
promote invasion of epithelial cells, Infect Immun 56, 1242-1248. 
59. Isberg, R. R., and Barnes, P. (2001) Subversion of integrins by enteropathogenic Yersinia, J Cell Sci 
114, 21-28. 
60. Pepe, J. C., Wachtel, M. R., Wagar, E., and Miller, V. L. (1995) Pathogenesis of defined invasion 
mutants of Yersinia enterocolitica in a BALB/c mouse model of infection, Infect Immun 63, 4837-
4848. 
61. Revell, P. A., and Miller, V. L. (2000) A chromosomally encoded regulator is required for expression 
of the Yersinia enterocolitica inv gene and for virulence, Mol Microbiol 35, 677-685. 
82 
 
62. Pierson, D. E., and Falkow, S. (1990) Nonpathogenic isolates of Yersinia enterocolitica do not 
contain functional inv-homologous sequences, Infect Immun 58, 1059-1064. 
63. Miller, V. L., Farmer, J. J., 3rd, Hill, W. E., and Falkow, S. (1989) The ail locus is found uniquely in 
Yersinia enterocolitica serotypes commonly associated with disease, Infect Immun 57, 121-131. 
64. Skurnik, M., Venho, R., Bengoechea, J. A., and Moriyon, I. (1999) The lipopolysaccharide outer core 
of Yersinia enterocolitica serotype O:3 is required for virulence and plays a role in outer membrane 
integrity, Mol Microbiol 31, 1443-1462. 
65. Zhang, L., Radziejewska-Lebrecht, J., Krajewska-Pietrasik, D., Toivanen, P., and Skurnik, M. (1997) 
Molecular and chemical characterization of the lipopolysaccharide O-antigen and its role in the 
virulence of Yersinia enterocolitica serotype O:8, Mol Microbiol 23, 63-76. 
66. Wauters, G., Aleksic, S., Charlier, J., and Schulze, G. (1991) Somatic and flagellar antigens of Yersinia 
enterocolitica and related species, Contrib Microbiol Immunol 12, 239-243. 
67. Delor, I., Kaeckenbeeck, A., Wauters, G., and Cornelis, G. R. (1990) Nucleotide sequence of yst, the 
Yersinia enterocolitica gene encoding the heat-stable enterotoxin, and prevalence of the gene 
among pathogenic and nonpathogenic yersiniae, Infect Immun 58, 2983-2988. 
68. Okamoto, K., Inoue, T., Shimizu, K., Hara, S., and Miyama, A. (1982) Further purification and 
characterization of heat-stable enterotoxin produced by Yersinia enterocolitica, Infect Immun 35, 
958-964. 
69. Kwaga, J., Iversen, J. O., and Misra, V. (1992) Detection of pathogenic Yersinia enterocolitica by 
polymerase chain reaction and digoxigenin-labeled polynucleotide probes, J Clin Microbiol 30, 
2668-2673. 
70. Delor, I., and Cornelis, G. R. (1992) Role of Yersinia enterocolitica Yst toxin in experimental infection 
of young rabbits, Infect Immun 60, 4269-4277. 
71. Mikulskis, A. V., Delor, I., Thi, V. H., and Cornelis, G. R. (1994) Regulation of the Yersinia 
enterocolitica enterotoxin Yst gene. Influence of growth phase, temperature, osmolarity, pH and 
bacterial host factors., Mol. Microbiol. 14, 905–915. 
72. Olsvik, O., and Kapperud, G. (1982) Enterotoxin production in milk at 22 and 4 degrees C by 
Escherichia coli and Yersinia enterocolitica, Appl Environ Microbiol 43, 997-1000. 
73. Tennant, S. M., Grant, T. H., and Robins-Browne, R. M. (2003) Pathogenicity of Yersinia 
enterocolitica biotype 1A, FEMS Immunol Med Microbiol 38, 127-137. 
74. Ramamurthy, T., Yoshino, K., Huang, X., Balakrish Nair, G., Carniel, E., Maruyama, T., Fukushima, H., 
and Takeda, T. (1997) The novel heat-stable enterotoxin subtype gene (ystB) of Yersinia 
enterocolitica: nucleotide sequence and distribution of the yst genes, Microb Pathog 23, 189-200. 
75. De Koning-Ward, T. F., and Robins-Browne, R. M. (1995) Contribution of urease to acid tolerance in 
Yersinia enterocolitica, Infect Immun 63, 3790-3795. 
76. Haller, J. C., Carlson, S., Pederson, K. J., and Pierson, D. E. (2000) A chromosomally encoded type III 
secretion pathway in Yersinia enterocolitica is important in virulence, Mol Microbiol 36, 1436-1446. 
77. Parkhill, J., Wren, B. W., Thomson, N. R., Titball, R. W., Holden, M. T., Prentice, M. B., Sebaihia, M., 
James, K. D., Churcher, C., Mungall, K. L., Baker, S., Basham, D., Bentley, S. D., Brooks, K., Cerdeno-
Tarraga, A. M., Chillingworth, T., Cronin, A., Davies, R. M., Davis, P., Dougan, G., Feltwell, T., Hamlin, 
N., Holroyd, S., Jagels, K., Karlyshev, A. V., Leather, S., Moule, S., Oyston, P. C., Quail, M., 
Rutherford, K., Simmonds, M., Skelton, J., Stevens, K., Whitehead, S., and Barrell, B. G. (2001) 
Genome sequence of Yersinia pestis, the causative agent of plague, Nature 413, 523-527. 
78. Foultier, B., Troisfontaines, P., Muller, S., Opperdoes, F. R., and Cornelis, G. R. (2002) 
Characterization of the ysa pathogenicity locus in the chromosome of Yersinia enterocolitica and 
phylogeny analysis of type III secretion systems, J Mol Evol 55, 37-51. 
79. Matsumoto, H., and Young, G. M. (2009) Translocated effectors of Yersinia, Curr Opin Microbiol 12, 
94-100. 
80. Young, G. M., Smith, M. J., Minnich, S. A., and Miller, V. L. (1999) The Yersinia enterocolitica motility 
master regulatory operon, flhDC, is required for flagellin production, swimming motility, and 
swarming motility, J Bacteriol 181, 2823-2833. 
83 
 
81. Kim, T. J., Young, B. M., and Young, G. M. (2008) Effect of flagellar mutations on Yersinia 
enterocolitica biofilm formation, Appl Environ Microbiol 74, 5466-5474. 
82. Iriarte, M., Vanooteghem, J. C., Delor, I., Diaz, R., Knutton, S., and Cornelis, G. R. (1993) The Myf 
fibrillae of Yersinia enterocolitica., Mol. Microbiol. 9, 507–520. 
83. Carniel, E., Guilvout, I., and Prentice, M. (1996) Characterization of a large chromosomal "high-
pathogenicity island" in biotype 1B Yersinia enterocolitica, J Bacteriol 178, 6743-6751. 
84. Robins-Browne, R. M., and Prpic, J. K. (1985) Effects of iron and desferrioxamine on infections with 
Yersinia enterocolitica, Infect Immun 47, 774-779. 
85. Young, G. M., and Miller, V. L. (1997) Identification of novel chromosomal loci affecting Yersinia 
enterocolitica pathogenesis, Mol Microbiol 25, 319-328. 
86. Heusipp, G., Young, G. M., and Miller, V. L. (2001) HreP, an in vivo-expressed protease of Yersinia 
enterocolitica, is a new member of the family of subtilisin/kexin-like proteases, J Bacteriol 183, 
3556-3563. 
87. Wagner, K., Schilling, J., Falker, S., Schmidt, M. A., and Heusipp, G. (2009) A regulatory network 
controls expression of the in vivo-expressed HreP protease of Yersinia enterocolitica, J Bacteriol 
191, 1666-1676. 
88. Sabina, Y., Rahman, A., Ray, R. C., and Montet, D. (2011) Yersinia enterocolitica :mode of 
transmission, molecular insights of virulence, and pathogenesis of infection, Journal of Pathogens 
2011, 10. 
89. Vonberg, R. P., and Gastmeier, P. (2007) Hospital-acquired infections related to contaminated 
substances, J Hosp Infect 65, 15-23. 
90. Moriki, S., Nobata, A., Shibata, H., Nagai, A., Minami, N., Taketani, T., and Fukushima, H. (2010) 
Familial outbreak of Yersinia enterocolitica serotype O9 biotype 2, J Infect Chemother 16, 56-58. 
91. Murphy, B. P., Drummond, N., Ringwood, T., O'Sullivan, E., Buckley, J. F., Whyte, P., Prentice, M. B., 
and Fanning, S. (2010) First report: Yersinia enterocolitica recovered from canine tonsils, Vet 
Microbiol 146, 336-339. 
92. Wang, X., Cui, Z., Wang, H., Tang, L., Yang, J., Gu, L., Jin, D., Luo, L., Qiu, H., Xiao, Y., Xiong, H., Kan, 
B., Xu, J., and Jing, H. (2010) Pathogenic strains of Yersinia enterocolitica isolated from domestic 
dogs (Canis familiaris) belonging to farmers are of the same subtype as pathogenic Y. enterocolitica 
strains isolated from humans and may be a source of human infection in Jiangsu Province, China, J 
Clin Microbiol 48, 1604-1610. 
93. Fredriksson-Ahomaa, M., Stolle, A., and Korkeala, H. (2006) Molecular epidemiology of Yersinia 
enterocolitica infections, FEMS Immunol Med Microbiol 47, 315-329. 
94. Fredriksson-Ahomaa, M., Korte, T., and Korkeala, H. (2001) Transmission of Yersinia enterocolitica 
4/O:3 to pets via contaminated pork, Lett Appl Microbiol 32, 375-378. 
95. Young, G. M., Amid, D., and Miller, V. L. (1996) A bifunctional urease enhances survival of 
pathogenic Yersinia enterocolitica and Morganella morganii at low pH, J Bacteriol 178, 6487-6495. 
96. Mantle, M., and Husar, S. D. (1993) Adhesion of Yersinia enterocolitica to purified rabbit and human 
intestinal mucin, Infect Immun 61, 2340-2346. 
97. Trcek, J., Oellerich, M. F., Niedung, K., Ebel, F., Freund, S., and Trulzsch, K. (2011) Gut proteases 
target Yersinia invasin in vivo, BMC Res Notes 4, 129. 
98. Clark, M. A., Hirst, B. H., and Jepson, M. A. (1998) M-cell surface beta1 integrin expression and 
invasin-mediated targeting of Yersinia pseudotuberculosis to mouse Peyer's patch M cells, Infect 
Immun 66, 1237-1243. 
99. Grutzkau, A., Hanski, C., Hahn, H., and Riecken, E. O. (1990) Involvement of M cells in the bacterial 
invasion of Peyer's patches: a common mechanism shared by Yersinia enterocolitica and other 
enteroinvasive bacteria, Gut 31, 1011-1015. 
100. Handley, S. A., Newberry, R. D., and Miller, V. L. (2005) Yersinia enterocolitica invasin-dependent 
and invasin-independent mechanisms of systemic dissemination, Infect Immun 73, 8453-8455. 
101. Lian, C. J., Hwang, W. S., Kelly, J. K., and Pai, C. H. (1987) Invasiveness of Yersinia enterocolitica 
lacking the virulence plasmid: an in-vivo study, J Med Microbiol 24, 219-226. 
84 
 
102. Kirjavainen, V., Jarva, H., Biedzka-Sarek, M., Blom, A. M., Skurnik, M., and Meri, S. (2008) Yersinia 
enterocolitica serum resistance proteins YadA and ail bind the complement regulator C4b-binding 
protein, PLoS Pathog 4, e1000140. 
103. Heesemann, J., Sing, A., and Trulzsch, K. (2006) Yersinia's stratagem: targeting innate and adaptive 
immune defense, Curr Opin Microbiol 9, 55-61. 
104. Meyer-Bahlburg, A., Brinkhoff, J., Krenn, V., Trebesius, K., Heesemann, J., and Huppertz, H. I. (2001) 
Infection of synovial fibroblasts in culture by Yersinia enterocolitica and Salmonella enterica serovar 
enteritidis: ultrastructural investigation with respect to the pathogenesis of reactive arthritis, Infect 
Immun 69, 7915-7921. 
105. Wang, Z., Zhang, Q., Lu, J., Jiang, F., Zhang, H., Gao, L., and Zhao, J. (2010) Identification of outer 
membrane porin f protein of Yersinia enterocolitica recognized by antithyrotopin receptor 
antibodies in Graves' disease and determination of its epitope using mass spectrometry and 
bioinformatics tools, J Clin Endocrinol Metab 95, 4012-4020. 
106. Perdikogianni, C., Galanakis, E., Michalakis, M., Giannoussi, E., Maraki, S., Tselentis, Y., and 
Charissis, G. (2006) Yersinia enterocolitica infection mimicking surgical conditions, Pediatr Surg Int 
22, 589-592. 
107. Saebo, A., Vik, E., Lange, O. J., and Matuszkiewicz, L. (2005) Inflammatory bowel disease associated 
with Yersinia enterocolitica O:3 infection, Eur J Intern Med 16, 176-182. 
108. Knosel, T., Schewe, C., Petersen, N., Dietel, M., and Petersen, I. (2009) Prevalence of infectious 
pathogens in Crohn's disease, Pathol Res Pract 205, 223-230. 
109. Tuohy, A. M., O'Gorman, M., Byington, C., Reid, B., and Jackson, W. D. (1999) Yersinia enterocolitca 
mimicking Crohn's disease in a toddler, Pediatrics 104, e36. 
110. De Berardis, B., Torresini, G., Brucchi, M., Marinelli, S., Mattucci, S., Schietroma, M., Vecchio, L., and 
Carlei, F. (2004) Yersinia enterocolitica intestinal infection with ileum perforation: report of a 
clinical observation, Acta Biomed 75, 77-81. 
111. Lee, L. A., Gerber, A. R., Lonsway, D. R., Smith, J. D., Carter, G. P., Puhr, N. D., Parrish, C. M., Sikes, R. 
K., Finton, R. J., and Tauxe, R. V. (1990) Yersinia enterocolitica O:3 infections in infants and children, 
associated with the household preparation of chitterlings, N Engl J Med 322, 984-987. 
112. Smego, R. A., Frean, J., and Koornhof, H. J. (1999) Yersiniosis I: microbiological and 
clinicoepidemiological aspects of plague and non-plague Yersinia infections, Eur J Clin Microbiol 
Infect Dis 18, 1-15. 
113. Jalava, K., Hakkinen, M., Valkonen, M., Nakari, U. M., Palo, T., Hallanvuo, S., Ollgren, J., Siitonen, A., 
and Nuorti, J. P. (2006) An outbreak of gastrointestinal illness and erythema nodosum from grated 
carrots contaminated with Yersinia pseudotuberculosis, J Infect Dis 194, 1209-1216. 
114. Hannu, T., Mattila, L., Nuorti, J. P., Ruutu, P., Mikkola, J., Siitonen, A., and Leirisalo-Repo, M. (2003) 
Reactive arthritis after an outbreak of Yersinia pseudotuberculosis serotype O:3 infection, Ann 
Rheum Dis 62, 866-869. 
115. Heyma, P., Harrison, L. C., and Robins-Browne, R. (1986) Thyrotrophin (TSH) binding sites on 
Yersinia enterocolitica recognized by immunoglobulins from humans with Graves' disease, Clin Exp 
Immunol 64, 249-254. 
116. Benavides, S., Nicol, K., Koranyi, K., and Nahata, M. C. (2003) Yersinia septic shock following an 
autologous transfusion in a pediatric patient, Transfus Apher Sci 28, 19-23. 
117. Leclercq, A., Martin, L., Vergnes, M. L., Ounnoughene, N., Laran, J. F., Giraud, P., and Carniel, E. 
(2005) Fatal Yersinia enterocolitica biotype 4 serovar O:3 sepsis after red blood cell transfusion, 
Transfusion 45, 814-818. 
118. Guinet, F., Carniel, E., and Leclercq, A. Transfusion-transmitted Yersinia enterocolitica sepsis, Clin 
Infect Dis 53, 583-591. 
119. Chiu, H. Y., Flynn, D. M., Hoffbrand, A. V., and Politis, D. (1986) Infection with Yersinia enterocolitica 
in patients with iron overload, Br Med J (Clin Res Ed) 292, 97. 
120. Hosaka, S., Uchiyama, M., Ishikawa, M., Akahoshi, T., Kondo, H., Shimauchi, C., Sasahara, T., and 
Inoue, M. (1997) Yersinia enterocolitica serotype O:8 septicemia in an otherwise healthy adult: 
85 
 
analysis of chromosome DNA pattern by pulsed-field gel electrophoresis, J Clin Microbiol 35, 3346-
3347. 
121. Hornstein, M. J., Jupeau, A. M., Scavizzi, M. R., Philippon, A. M., and Grimont, P. A. (1985) In vitro 
susceptibilities of 126 clinical isolates of Yersinia enterocolitica to 21 beta-lactam antibiotics, 
Antimicrob Agents Chemother 27, 806-811. 
122. Baumgartner, A., Kuffer, M., Suter, D., Jemmi, T., and Rohner, P. (2007) Antimicrobial resistance of 
Yersinia enterocolitica strains from human patients, pigs and retail pork in Switzerland, Int J Food 
Microbiol 115, 110-114. 
123. Scavizzi, M. R., Gayraud, M., Hornstein, M. J., Jupeau-Vessieres, A. M., Bronner, F. D., and Elbhar, A. 
(1996) In-vitro and in-vivo activities of antibiotics on Yersinia enterocolitica, J Antimicrob Chemother 
38, 1108-1109. 
124. Sihvonen, L. M., Toivonen, S., Haukka, K., Kuusi, M., Skurnik, M., and Siitonen, A. (2011) Multilocus 
variable-number tandem-repeat analysis, pulsed-field gel electrophoresis, and antimicrobial 
susceptibility patterns in discrimination of sporadic and outbreak-related strains of Yersinia 
enterocolitica, BMC Microbiol 11, 42. 
125. EFSA. (2009) Trends and sources of zoonoses and zoonotic agents in the European Union in 2007, 
The EFSA Journal 223, 1-320. 
126. EFSA. (2006) Trends and sources of zoonoses, zoonotic agents and antimicrobial resistance in the 
European union in 2004., The EFSA Journal 310. 
127. EFSA. (2007) The community summary report on trends and sources of zoonoses, zoonotic agents, 
antimicrobial resistance and foodborne outbreaks in the European Union in 2005, The EFSA Journal 
94, 1-288. 
128. EFSA. (2007) The community summary report on trends and sources of zoonoses, zoonotic agents, 
antimicrobial resistance and foodborne outbreaks in the European Union in 2006, The EFSA Journal 
130, 1-352. 
129. Shayegani, M., Morse, D., DeForge, I., Root, T., Parsons, L. M., and Maupin, P. S. (1983) 
Microbiology of a major foodborne outbreak of gastroenteritis caused by Yersinia enterocolitica 
serogroup O:8, J Clin Microbiol 17, 35-40. 
130. Jones, T. F. (2003) From pig to pacifier: chitterling-associated yersiniosis outbreak among black 
infants, Emerg Infect Dis 9, 1007-1009. 
131. Sakai, T., Nakayama, A., Hashida, M., Yamamoto, Y., Takebe, H., and Imai, S. (2005) Outbreak of 
food poisoning by Yersinia enterocolitica serotype O8 in Nara prefecture: the first case report in 
Japan, Jpn J Infect Dis 58, 257-258. 
132. Ackers, M. L., Schoenfeld, S., Markman, J., Smith, M. G., Nicholson, M. A., DeWitt, W., Cameron, D. 
N., Griffin, P. M., and Slutsker, L. (2000) An outbreak of Yersinia enterocolitica O:8 infections 
associated with pasteurized milk, J Infect Dis 181, 1834-1837. 
133. Voorhees, R., Casey, M., Silvestri, S., Yee, G., Johnson, L., Ostroff, S., Weltman, A., Waller, K., Moll, 
M., Nambiar, A., Lando, J., Longenberger, A., and Gronostaj, M. (2011) Yersinia enterocolitica 
infections associated with pasteurized milk — Southwestern Pennsylvania, March–August, 2011, 
MMWR 60, 1428. 
134. Grahek-Ogden, D., Schimmer, B., Cudjoe, K. S., Nygard, K., and Kapperud, G. (2007) Outbreak of 
Yersinia enterocolitica serogroup O:9 infection and processed pork, Norway, Emerg Infect Dis 13, 
754-756. 
135. Babic-Erceg, A., Klismanic, Z., Erceg, M., Tandara, D., and Smoljanovic, M. (2003) An outbreak of 
Yersinia enterocolitica O:3 infections on an oil tanker, Eur J Epidemiol 18, 1159-1161. 
136. MacDonald, E., Heier, B., Stalheim, T., Cudjoe, K., Skjerdal, T., Wester, A., Lindstedt, B., and Vold, L. 
(2011) Yersinia enterocolitica O:9 infections associated with bagged salad mix in Norway, February 
to April 2011, Euro Surveill 16. 
137. Hallanvuo, S. (2009) Foodborne Yersinia Identification and Molecular Epidemiology of Isolates from 
Human Infections, Academic dissertation in Faculty of Veterinary Medicine of the University of 
Helsinki. 
86 
 
138. EFSA. (2007) Scientific Opinion of the Panel on BIOHAZ on a request from EFSA on monitoring and 
identification 
of human enteropathogenic Yersinia spp., The EFSA Journal 595, 1-30. 
139. Farzan, A., Friendship, R. M., Cook, A., and Pollari, F. (2010) Occurrence of Salmonella, 
Campylobacter, Yersinia enterocolitica, Escherichia coli O157 and Listeria monocytogenes in swine, 
Zoonoses Public Health 57, 388-396. 
140. Falcao, J. P., Brocchi, M., Proenca-Modena, J. L., Acrani, G. O., Correa, E. F., and Falcao, D. P. (2004) 
Virulence characteristics and epidemiology of Yersinia enterocolitica and Yersiniae other than Y. 
pseudotuberculosis and Y. pestis isolated from water and sewage, J Appl Microbiol 96, 1230-1236. 
141. Bucher, M., Meyer, C., Grotzbach, B., Wacheck, S., Stolle, A., and Fredriksson-Ahomaa, M. (2008) 
Epidemiological data on pathogenic Yersinia enterocolitica in Southern Germany during 2000-2006, 
Foodborne Pathog Dis 5, 273-280. 
142. Bonardi, S., Paris, A., Bacci, C., D'Incau, M., Ferroni, L., and Brindani, F. (2007) Detection and 
characterization of Yersinia enterocolitica from pigs and cattle, Vet Res Commun 31 Suppl 1, 347-
350. 
143. Bonardi, S., Brindani, F., Pizzin, G., Lucidi, L., D'Incau, M., Liebana, E., and Morabito, S. (2003) 
Detection of Salmonella spp., Yersinia enterocolitica and verocytotoxin-producing Escherichia coli 
O157 in pigs at slaughter in Italy, Int J Food Microbiol 85, 101-110. 
144. Bhaduri, S., and Wesley, I. (2006) Isolation and characterization of Yersinia enterocolitica from 
swine feces recovered during the National Animal Health Monitoring System Swine 2000 study, J 
Food Prot 69, 2107-2112. 
145. Martinez, P. O., Fredriksson-Ahomaa, M., Sokolova, Y., Roasto, M., Berzins, A., and Korkeala, H. 
(2009) Prevalence of enteropathogenic Yersinia in Estonian, Latvian, and Russian (Leningrad region) 
pigs, Foodborne Pathog Dis 6, 719-724. 
146. Fredriksson-Ahomaa, M., Hielm, S., and Korkeala, H. (1999) High prevalence of yadA-positive 
Yersinia enterocolitica in pig tongues and minced meat at the retail level in Finland, J Food Prot 62, 
123-127. 
147. Fredriksson-Ahomaa, M., Wacheck, S., Bonke, R., and Stephan, R. (2011) Different 
enteropathogenic Yersinia strains found in wild boars and domestic pigs, Foodborne Pathog Dis 8, 
733-737. 
148. Thibodeau, V., Frost, E. H., Chenier, S., and Quessy, S. (1999) Presence of Yersinia enterocolitica in 
tissues of orally-inoculated pigs and the tonsils and feces of pigs at slaughter, Can J Vet Res 63, 96-
100. 
149. Laukkanen, R., Ranta, J., Dong, X., Hakkinen, M., Martinez, P. O., Lunden, J., Johansson, T., and 
Korkeala, H. (2010) Reduction of enteropathogenic Yersinia in the pig slaughterhouse by using 
bagging of the rectum, J Food Prot 73, 2161-2168. 
150. Nesbakken, T., Eckner, K., Hoidal, H. K., and Rotterud, O. J. (2003) Occurrence of Yersinia 
enterocolitica and Campylobacter spp. in slaughter pigs and consequences for meat inspection, 
slaughtering, and dressing procedures, Int J Food Microbiol 80, 231-240. 
151. Fredriksson-Ahomaa, M., Wacheck, S., Koenig, M., Stolle, A., and Stephan, R. (2009) Prevalence of 
pathogenic Yersinia enterocolitica and Yersinia pseudotuberculosis in wild boars in Switzerland, Int J 
Food Microbiol 135, 199-202. 
152. Niskanen, T., Fredriksson-Ahomaa, M., and Korkeala, H. (2003) Occurrence of Yersinia 
pseudotuberculosis in iceberg lettuce and environment, Adv Exp Med Biol 529, 383-385. 
153. Arnold, T., Neubauer, H., Ganter, M., Nikolaou, K., Roesler, U., Truyen, U., and Hensel, A. (2006) 
Prevalence of Yersinia enterocolitica in goat herds from Northern Germany, J Vet Med B Infect Dis 
Vet Public Health 53, 382-386. 
154. Milnes, A. S., Stewart, I., Clifton-Hadley, F. A., Davies, R. H., Newell, D. G., Sayers, A. R., Cheasty, T., 
Cassar, C., Ridley, A., Cook, A. J., Evans, S. J., Teale, C. J., Smith, R. P., McNally, A., Toszeghy, M., 
Futter, R., Kay, A., and Paiba, G. A. (2008) Intestinal carriage of verocytotoxigenic Escherichia coli 
87 
 
O157, Salmonella, thermophilic Campylobacter and Yersinia enterocolitica, in cattle, sheep and pigs 
at slaughter in Great Britain during 2003, Epidemiol Infect 136, 739-751. 
155. Fantasia, M., Grazia Mingrone, M., Crotti, D., and Boscato, C. (1985) Isolation of Yersinia 
enterocolitica biotype 4 serotype O3 from canine sources in Italy, J Clin Microbiol 22, 314-315. 
156. Pagano, A., Nardi, G., Bonaccorso, C., Falbo, V., Passi, C., Sanguinetti, V., and Mantovani, A. (1985) 
Faecal bacteria of wild ruminants and the alpine marmot, Vet Res Commun 9, 227-232. 
157. Escudero, M. E., Velazquez, L., and de Guzman, A. M. S. (1996) Yersinia enterocolitica and related 
species isolated from animals slaughtered for human consumption, Food Microbiology 13, 201-204. 
158. Ciuchini, F., Adone, R., Pasquali, P., Marianelli, C. T., Tarantino, M., Bandino, E., Firinu, A., Liciardi, 
M., Lollai, S., Battistacci, L., and Dalla Pozza, M. (2005) Brucellosi animali: rassegna sul fenomeno 
delle aspecificità e delle discordanze tra sieroagglutinazione rapida con antigene al rosa bengala e 
fissazione del complemento, Rapporti Istisan 05, 1-47. 
159. Fredriksson-Ahomaa, M., Naglic, T., Turk, N., Seol, B., Grabarevic, Z., Bata, I., Perkovic, D., and 
Stolle, A. (2007) Yersiniosis in zoo marmosets (Callitrix jacchuss) caused by Yersinia enterocolitica 
4/O:3, Vet Microbiol 121, 363-367. 
160. Johannessen, G. S., Kapperud, G., and Kruse, H. (2000) Occurrence of pathogenic Yersinia 
enterocolitica in Norwegian pork products determined by a PCR method and a traditional culturing 
method, Int J Food Microbiol 54, 75-80. 
161. Fukushima, H. (1985) Direct isolation of Yersinia enterocolitica and Yersinia pseudotuberculosis 
from meat, Appl Environ Microbiol 50, 710-712. 
162. Wauters, G., Goossens, V., Janssens, M., and Vandepitte, J. (1988) New enrichment method for 
isolation of pathogenic Yersinia enterocolitica serogroup O:3 from pork, Appl Environ Microbiol 54, 
851-854. 
163. Nesbakken, T., Kapperud, G., Dommarsnes, K., Skurnik, M., and Hornes, E. (1991) Comparative 
study of a DNA hybridization method and two isolation procedures for detection of Yersinia 
enterocolitica O:3 in naturally contaminated pork products, Appl Environ Microbiol 57, 389-394. 
164. Fukushima, H., Hoshina, K., Itogawa, H., and Gomyoda, M. (1997) Introduction into Japan of 
pathogenic Yersinia through imported pork, beef and fowl, Int J Food Microbiol 35, 205-212. 
165. Hudson, J. A., King, N. J., Cornelius, A. J., Bigwood, T., Thom, K., and Monson, S. (2008) Detection, 
isolation and enumeration of Yersinia enterocolitica from raw pork, Int J Food Microbiol 123, 25-31. 
166. Bonardi, S., Paris, A., Bassi, L., Salmi, F., Bacci, C., Riboldi, E., Boni, E., D'Incau, M., Tagliabue, S., and 
Brindani, F. (2010) Detection, semiquantitative enumeration, and antimicrobial susceptibility of 
Yersinia enterocolitica in pork and chicken meats in Italy, J Food Prot 73, 1785-1792. 
167. Langiano, E., Atrei, P., La Torre, G., De Vito, E., and Ricciardi, G. (2002) Survey of the presence of 
bacterial pathogens in foods sold at retail stores in the city of Cassino, Ann Ig 14, 97-103. 
168. Fredriksson-Ahomaa, M., Koch, U., Klemm, C., Bucher, M., and Stolle, A. (2004) Different genotypes 
of Yersinia enterocolitica 4/O:3 strains widely distributed in butcher shops in the Munich area, Int J 
Food Microbiol 95, 89-94. 
169. Barbini de Pederiva, N. B., and Stefanini de Guzmán, A. M. (2000) Isolation and survival of Yersinia 
enterocolitica in ice cream at different pH values, stored at -18°C, Brazilian Journal of Microbiology 
31, 174-177. 
170. Okwori, A. E., Martinez, P. O., Fredriksson-Ahomaa, M., Agina, S. E., and Korkeala, H. (2009) 
Pathogenic Yersinia enterocolitica 2/O:9 and Yersinia pseudotuberculosis 1/O:1 strains isolated 
from human and non-human sources in the Plateau State of Nigeria, Food Microbiol 26, 872-875. 
171. Soltan-Dallal, M. M., Tabarraie, A., and MoezArdalan, K. (2004) Comparison of four methods for 
isolation of Yersinia enterocolitica from raw and pasteurized milk from northern Iran, Int J Food 
Microbiol 94, 87-91. 
172. Filetici, E., Anastasio, M. P., Pourshaban, M., and Fantasia, M. (2000) Genotypic and phenotypic 
characteristics of Yersinia spp. isolates from food and man, Food Microbiology 17, 261-267. 
88 
 
173. Venturini, M. E., Reyes, J. E., Rivera, C. S., Oria, R., and Blanco, D. (2011) Microbiological quality and 
safety of fresh cultivated and wild mushrooms commercialized in Spain, Food Microbiol 28, 1492-
1498. 
174. Greenwood, M. H., Coetzee, E. F., Ford, B. M., Gill, P., Hooper, W. L., Matthews, S. C., and Patrick, S. 
(1985) The microbiology of cooked prawns and shrimps on retail sale, J Hyg (Lond) 94, 319-326. 
175. Favier, G. I., Escudero, M. E., and de Guzman, A. M. (2005) Genotypic and phenotypic 
characteristics of Yersinia enterocolitica isolated from the surface of chicken eggshells obtained in 
Argentina, J Food Prot 68, 1812-1815. 
176. Davies, A. R., Capell, C., Jehanno, D., Nychas, G. J. E., and Kirby, R. M. (2001) Incidence of foodborne 
pathogens on European fish, Food control 12, 67-71. 
177. Mauro, A., Lagana, P., Bruno, G., Micali, M., Minutoli, E., and Delia, S. (2008) Isolation of Yersinia 
enterocolitica biotype 1 A from raw meat products, J Prev Med Hyg 49, 75-78. 
178. Waage, A. S., Vardund, T., Lund, V., and Kapperud, G. (1999) Detection of low numbers of 
pathogenic Yersinia enterocolitica in environmental water and sewage samples by nested 
polymerase chain reaction, J Appl Microbiol 87, 814-821. 
179. Marinelli, G., D'Innocenzo, C., Fabiani, L., and Leoni, V. (1985) Application of a simplified method for 
recovery of Yersinia enterocolitica from surface waters, Appl Environ Microbiol 49, 1348-1349. 
180. Ostroff, S. M., Kapperud, G., Hutwagner, L. C., Nesbakken, T., Bean, N. H., Lassen, J., and Tauxe, R. 
V. (1994) Sources of sporadic Yersinia enterocolitica infections in Norway: a prospective case-
control study, Epidemiol Infect 112, 133-141. 
181. Burnens, A. P., Frey, A., and Nicolet, J. (1996) Association between clinical presentation, biogroups 
and virulence attributes of Yersinia enterocolitica strains in human diarrhoeal disease, Epidemiol 
Infect 116, 27-34. 
182. Bhagat, N., and Virdi, J. S. (2007) Distribution of virulence-associated genes in Yersinia 
enterocolitica biovar 1A correlates with clonal groups and not the source of isolation, FEMS 
Microbiol Lett 266, 177-183. 
183. Huovinen, E., Sihvonen, L. M., Virtanen, M. J., Haukka, K., Siitonen, A., and Kuusi, M. (2010) 
Symptoms and sources of Yersinia enterocolitica-infection: a case-control study, BMC Infect Dis 10, 
122. 
184. Sihvonen, L. M., Haukka, K., Kuusi, M., Virtanen, M. J., and Siitonen, A. (2009) Yersinia enterocolitica 
and Y. enterocolitica-like species in clinical stool specimens of humans: identification and 
prevalence of bio/serotypes in Finland, Eur J Clin Microbiol Infect Dis 28, 757-765. 
185. McNally, A., Dalton, T., La Ragione, R. M., Stapleton, K., Manning, G., and Newell, D. G. (2006) 
Yersinia enterocolitica isolates of differing biotypes from humans and animals are adherent, 
invasive and persist in macrophages, but differ in cytokine secretion profiles in vitro, J Med 
Microbiol 55, 1725-1734. 
186. Greenwood, M. H., and Hooper, W. L. (1990) Excretion of Yersinia spp. associated with 
consumption of pasteurized milk, Epidemiol Infect 104, 345-350. 
187. Butt, H. L., Gordon, D. L., Lee-Archer, T., Moritz, A., and Merrell, W. H. (1991) Relationship between 
clinical and milk isolates of Yersinia enterocolitica, Pathology 23, 153-157. 
188. Ratnam, S., Mercer, E., Picco, B., Parsons, S., and Butler, R. (1982) A nosocomial outbreak of 
diarrheal disease due to Yersinia enterocolitica serotype 0:5, biotype 1, J Infect Dis 145, 242-247. 
189. McIntyre, M., and Nnochiri, E. (1986) A case of hospital-acquired Yersinia enterocolitica 
gastroenteritis, J Hosp Infect 7, 299-301. 
190. Bhagat, N., and Virdi, J. S. (2011) The enigma of Yersinia enterocolitica biovar 1A, Crit Rev Microbiol 
37, 25-39. 
191. Morris, J. G., Jr., Prado, V., Ferreccio, C., Robins-Browne, R. M., Bordun, A. M., Cayazzo, M., Kay, B. 
A., and Levine, M. M. (1991) Yersinia enterocolitica isolated from two cohorts of young children in 
Santiago, Chile: incidence of and lack of correlation between illness and proposed virulence factors, 
J Clin Microbiol 29, 2784-2788. 
89 
 
192. Thoerner, P., Bin Kingombe, C. I., Bogli-Stuber, K., Bissig-Choisat, B., Wassenaar, T. M., Frey, J., and 
Jemmi, T. (2003) PCR detection of virulence genes in Yersinia enterocolitica and Yersinia 
pseudotuberculosis and investigation of virulence gene distribution, Appl Environ Microbiol 69, 
1810-1816. 
193. Zheng, H., Sun, Y., Mao, Z., and Jiang, B. (2008) Investigation of virulence genes in clinical isolates of 
Yersinia enterocolitica, FEMS Immunol Med Microbiol 53, 368-374. 
194. Grant, T., Bennett-Wood, V., and Robins-Browne, R. M. (1998) Identification of virulence-associated 
characteristics in clinical isolates of Yersinia enterocolitica lacking classical virulence markers, Infect 
Immun 66, 1113-1120. 
195. Singh, I., and Virdi, J. S. (2004) Production of Yersinia stable toxin (YST) and distribution of yst genes 
in biotype 1A strains of Yersinia enterocolitica, J Med Microbiol 53, 1065–1068. 
196. Estrada, C. S., Velazquez Ldel, C., Escudero, M. E., Favier, G. I., Lazarte, V., and de Guzman, A. M. 
(2011) Pulsed field, PCR ribotyping and multiplex PCR analysis of Yersinia enterocolitica strains 
isolated from meat food in San Luis Argentina, Food Microbiol 28, 21-28. 
197. Falcao, J. P., Falcao, D. P., Pitondo-Silva, A., Malaspina, A. C., and Brocchi, M. (2006) Molecular 
typing and virulence markers of Yersinia enterocolitica strains from human, animal and food origins 
isolated between 1968 and 2000 in Brazil, J Med Microbiol 55, 1539-1548. 
198. Cheyne, B. M., Van Dyke, M. I., Anderson, W. B., and Huck, P. M. (2010) The detection of Yersinia 
enterocolitica in surface water by quantitative PCR amplification of the ail and yadA genes, J Water 
Health 8, 487-499. 
199. Sihvonen, L. M., Hallanvuo, S., Haukka, K., Skurnik, M., and Siitonen, A. (2011) The ail gene is 
present in some Yersinia enterocolitica biotype 1A strains, Foodborne Pathog Dis 8, 455-457. 
200. Kraushaar, B., Dieckmann, R., Wittwer, M., Knabner, D., Konietzny, A., Made, D., and Strauch, E. 
Characterization of a Yersinia enterocolitica biotype 1A strain harbouring an ail gene, J Appl 
Microbiol 111, 997-1005. 
201. Singh, I., and Virdi, J. S. (2005) Interaction of Yersinia enterocolitica biotype 1A strains of diverse 
origin with cultured cells in vitro, Jpn J Infect Dis 58, 31-33. 
202. McNally, A., La Ragione, R. M., Best, A., Manning, G., and Newell, D. G. (2007) An aflagellate mutant 
Yersinia enterocolitica biotype 1A strain displays altered invasion of epithelial cells, persistence in 
macrophages, and cytokine secretion profiles in vitro, Microbiology 153, 1339-1349. 
203. Grant, T., Bennett-Wood, V., and Robins-Browne, R. M. (1999) Characterization of the interaction 
between Yersinia enterocolitica biotype 1A and phagocytes and epithelial cells in vitro, Infect 
Immun 67, 4367-4375. 
204. Najdenski, H., Iteman, I., and Carniel, E. (1994) Efficient subtyping of pathogenic Yersinia 
enterocolitica strains by pulsed-field gel electrophoresis, J Clin Microbiol 32, 2913-2920. 
205. Rasmussen, H. N., Olsen, J. E., and Rasmussen, O. F. (1994) RAPD analysis of Yersinia enterocolitica, 
Lett Appl Microbiol 19, 359-362. 
206. Gulati, P., Varshney, R. K., and Virdi, J. S. (2009) Multilocus variable number tandem repeat analysis 
as a tool to discern genetic relationships among strains of Yersinia enterocolitica biovar 1A, J Appl 
Microbiol 107, 875-884. 
207. Kotetishvili, M., Kreger, A., Wauters, G., Morris, J. G., Jr., Sulakvelidze, A., and Stine, O. C. (2005) 
Multilocus sequence typing for studying genetic relationships among Yersinia species, J Clin 
Microbiol 43, 2674-2684. 
208. Mallik, S., and Virdi, J. S. (2010) Genetic relationships between clinical and non-clinical strains of 
Yersinia enterocolitica biovar 1A as revealed by multilocus enzyme electrophoresis and multilocus 
restriction typing, BMC Microbiol 10, 158. 
209. Fearnley, C., On, S. L., Kokotovic, B., Manning, G., Cheasty, T., and Newell, D. G. (2005) Application 
of fluorescent amplified fragment length polymorphism for comparison of human and animal 
isolates of Yersinia enterocolitica, Appl Environ Microbiol 71, 4960-4965. 
90 
 
210. Sachdeva, P., and Virdi, J. S. (2004) Repetitive elements sequence (REP/ERIC)-PCR based genotyping 
of clinical and environmental strains of Yersinia enterocolitica biotype 1A reveal existence of limited 
number of clonal groups, FEMS Microbiol Lett 240, 193-201. 
211. Gulati, P. S., and Virdi, J. S. (2007) The rrn locus and gyrB genotyping confirm the existence of two 
clonal groups in strains of Yersinia enterocolitica subspecies palearctica biovar 1A, Res Microbiol 
158, 236-243. 
212. Fredriksson-Ahomaa, M., Stolle, A., and Stephan, R. (2007) Prevalence of pathogenic Yersinia 
enterocolitica in pigs slaughtered at a Swiss abattoir, Int J Food Microbiol 119, 207-212. 
213. Van Damme, I., Habib, I., and De Zutter, L. (2010) Yersinia enterocolitica in slaughter pig tonsils: 
enumeration and detection by enrichment versus direct plating culture, Food Microbiol 27, 158-
161. 
214. ISO. (2003) Microbiology of food and animal feeding stuffs – Horizontal method for the detection of 
presumptive pathogenic Yersinia enterocolitica. ISO 10273–2003. 
215. Pai, C. H., Sorger, S., Lafleur, L., Lackman, L., and Marks, M. I. (1979) Efficacy of cold enrichment 
techniques for recovery of Yersinia enterocolitica from human stools, J Clin Microbiol 9, 712-715. 
216. Schiemann, D. A. (1982) Development of a two-step enrichment procedure for recovery of Yersinia 
enterocolitica from food, Appl Environ Microbiol 43, 14-27. 
217. van Noyen, R., Vandepitte, J., and Wauters, G. (1980) Nonvalue of Cold Enrichment of Stools for 
Isolation of Yersinia enterocolitica Serotypes 3 and 9 from Patients, JOURNAL OF CLINICAL 
MICROBIOLOGY 11, 127-131. 
218. Fukushima, H., and Gomyoda, M. (1986) Inhibition of Yersinia enterocolitica serotype O3 by natural 
microflora of pork, Appl Environ Microbiol 51, 990-994. 
219. Doyle, M. P., and Hugdahl, M. B. (1983) Improved procedure for recovery of Yersinia enterocolitica 
from meats, Appl Environ Microbiol 45, 127-135. 
220. Schiemann, D. A. (1983) Alkalotolerance of Yersinia enterocolitica as a basis for selective isolation 
from food enrichments, Appl Environ Microbiol 46, 22-27. 
221. Head, C. B., Whitty, D. A., and Ratnam, S. (1982) Comparative study of selective media for recovery 
of Yersinia enterocolitica, J Clin Microbiol 16, 615-621. 
222. Hallanvuo, S., Peltola, J., Heiskanen, T., and Siitonen, A. (2006) Simplified phenotypic scheme 
evaluated by 16S rRNA sequencing for differentiation between Yersinia enterocolitica and Y. 
enterocolitica-like species, J Clin Microbiol 44, 1077-1080. 
223. Fukushima, H. (1987) New selective agar medium for isolation of virulent Yersinia enterocolitica, J 
Clin Microbiol 25, 1068-1073. 
224. Weagant, S. D. (2008) A new chromogenic agar medium for detection of potentially virulent 
Yersinia enterocolitica, J Microbiol Methods 72, 185-190. 
225. Linde, H. J., Neubauer, H., Meyer, H., Aleksic, S., and Lehn, N. (1999) Identification of Yersinia 
species by the Vitek GNI card, J Clin Microbiol 37, 211-214. 
226. Neubauer, H., Sauer, T., Becker, H., Aleksic, S., and Meyer, H. (1998) Comparison of systems for 
identification and differentiation of species within the genus Yersinia, J Clin Microbiol 36, 3366-
3368. 
227. Archer, J. R., Schell, R. F., Pennell, D. R., and Wick, P. D. (1987) Identification of Yersinia spp. with 
the API 20E system, J Clin Microbiol 25, 2398-2399. 
228. Sharma, N. K., Doyle, P. W., Gerbasi, S. A., and Jessop, J. H. (1990) Identification of Yersinia species 
by the API 20E, J Clin Microbiol 28, 1443-1444. 
229. Arnold, T., Neubauer, H., Nikolaou, K., Roesler, U., and Hensel, A. (2004) Identification of Yersinia 
enterocolitica in minced meat: a comparative analysis of API 20E, Yersinia identification kit and a 
16S rRNA-based PCR method, J Vet Med B Infect Dis Vet Public Health 51, 23-27. 
230. Neubauer, H., Hensel, A., Aleksic, S., and Meyer, H. (2000) Identification of Yersinia enterocolitica 
within the genus Yersinia, Syst Appl Microbiol 23, 58-62. 
91 
 
231. Thisted Lambertz, S., and Danielsson-Tham, M. L. (2005) Identification and characterization of 
pathogenic Yersinia enterocolitica isolates by PCR and pulsed-field gel electrophoresis, Appl Environ 
Microbiol 71, 3674-3681. 
232. Bhaduri, S., Wesley, I. V., and Bush, E. J. (2005) Prevalence of pathogenic Yersinia enterocolitica 
strains in pigs in the United States, Appl Environ Microbiol 71, 7117-7121. 
233. Stenkova, A. M., Isaeva, M. P., and Rasskazov, V. A. (2008) [Development of a multiplex PCR for 
detection of the Yersinia genus with identification of pathogenic species (Y. pestis, Y. 
pseudotuberculosis, Y. enterocolitica)], Mol Gen Mikrobiol Virusol, 18-23. 
234. Souza, R. A., Falcao, D. P., and Falcao, J. P. (2011) Emended description of Yersinia massiliensis, Int J 
Syst Evol Microbiol 61, 1094-1097. 
235. Myers, K. M., Gaba, J., and Al-Khaldi, S. F. (2006) Molecular identification of Yersinia enterocolitica 
isolated from pasteurized whole milk using DNA microarray chip hybridization, Mol Cell Probes 20, 
71-80. 
236. Jagow, J., and Hill, W. E. (1986) Enumeration by DNA colony hybridization of virulent Yersinia 
enterocolitica colonies in artificially contaminated food, Appl Environ Microbiol 51, 441-443. 
237. Miliotis, M. D., Galen, J. E., Kaper, J. B., and Morris, J. G., Jr. (1989) Development and testing of a 
synthetic oligonucleotide probe for the detection of pathogenic Yersinia strains, J Clin Microbiol 27, 
1667-1670. 
238. Trebesius, K., Harmsen, D., Rakin, A., Schmelz, J., and Heesemann, J. (1998) Development of rRNA-
targeted PCR and in situ hybridization with fluorescently labelled oligonucleotides for detection of 
Yersinia species, J Clin Microbiol 36, 2557-2564. 
239. Giannino, M. L., Aliprandi, M., Feligini, M., Vanoni, L., Brasca, M., and Fracchetti, F. (2009) A DNA 
array based assay for the characterization of microbial community in raw milk, J Microbiol Methods 
78, 181-188. 
240. Harnett, N., Lin, Y. P., and Krishnan, C. (1996) Detection of pathogenic Yersinia enterocolitica using 
the multiplex polymerase chain reaction, Epidemiol Infect 117, 59-67. 
241. Nilsson, A., Lambertz, S. T., Stalhandske, P., Norberg, P., and Danielsson-Tham, M. L. (1998) 
Detection of Yersinia enterocolitica in food by PCR amplification, Lett Appl Microbiol 26, 140-144. 
242. Weynants, V., Jadot, V., Denoel, P. A., Tibor, A., and Letesson, J. J. (1996) Detection of Yersinia 
enterocolitica serogroup O:3 by a PCR method, J Clin Microbiol 34, 1224-1227. 
243. Thisted Lambertz, S., Lindqvist, S., Ballagi-Porda´ny, A., and Danielsson-Tham, M. L. (2000) A 
combined culture and PCR method for detection of pathogenic Yersinia enterocolitica in food, 
International Journal of Food Microbiology 57, 63-73. 
244. Mäde, D., Reiting, R., Strauch, E., K., K., and Wicke, A. (2008) A real-time PCR for Detection of 
Pathogenic Yersinia enterocolitica in food combined with an Universal Internal Amplification 
Control System, Journal of Consumer Protection and Food Safety 3, 141-151. 
245. Lambertz, S. T., Nilsson, C., Hallanvuo, S., and Lindblad, M. (2008) Real-time PCR method for 
detection of pathogenic Yersinia enterocolitica in food, Appl Environ Microbiol 74, 6060-6067. 
246. Fukushima, H., Tsunomori, Y., and Seki, R. (2003) Duplex real-time SYBR green PCR assays for 
detection of 17 species of food- or waterborne pathogens in stools, J Clin Microbiol 41, 5134-5146. 
247. Jourdan, A. D., Johnson, S. C., and Wesley, I. V. (2000) Development of a fluorogenic 5' nuclease 
PCR assay for detection of the ail gene of pathogenic Yersinia enterocolitica, Appl Environ Microbiol 
66, 3750-3755. 
248. Nowak, B., Mueffling, T. V., Caspari, K., and Hartung, J. (2006) Validation of a method for the 
detection of virulent Yersinia enterocolitica and their distribution in slaughter pigs from 
conventional and alternative housing systems, Vet Microbiol 117, 219-228. 
249. Fredriksson-Ahomaa, M., B. Hartmann, B., Scheu, P., and Stolle, A. (2007) Detection of Pathogenic 
Yersinia enterocolitica in Meat using Real-Time PCR, Journal of Consumer Protection and Food 
Safety 1, 202-208. 
250. Sen, K. (2000) Rapid identification of Yersinia enterocolitica in blood by the 5' nuclease PCR assay, J 
Clin Microbiol 38, 1953-1958. 
92 
 
251. Wolffs, P., Knutsson, R., Norling, B., and Radstrom, P. (2004) Rapid quantification of Yersinia 
enterocolitica in pork samples by a novel sample preparation method, flotation, prior to real-time 
PCR, J Clin Microbiol 42, 1042-1047. 
252. Vishnubhatla, A., Fung, D. Y., Oberst, R. D., Hays, M. P., Nagaraja, T. G., and Flood, S. J. (2000) Rapid 
5' nuclease (TaqMan) assay for detection of virulent strains of Yersinia enterocolitica, Appl Environ 
Microbiol 66, 4131-4135. 
253. Lantz, P. G., Tjerneld, F., Borch, E., Hahn-Hagerdal, B., and Radstrom, P. (1994) Enhanced sensitivity 
in PCR detection of Listeria monocytogenes in soft cheese through use of an aqueous two-phase 
system as a sample preparation method, Appl Environ Microbiol 60, 3416-3418. 
254. Lantz, P. G., Knutsson, R., Blixt, Y., Al Soud, W. A., Borch, E., and Radstrom, P. (1998) Detection of 
pathogenic Yersinia enterocolitica in enrichment media and pork by a multiplex PCR: a study of 
sample preparation and PCR-inhibitory components, Int J Food Microbiol 45, 93-105. 
255. Lucero Estrada, C. S. M., del Carmen Velázquez, L., Di Genaro, S., and Stefanini de Guzmán, A. M. 
(2007) Comparison of DNA extraction methods for pathogenic Yersinia enterocolitica detection 
from meat food by nested PCR, Food Research International 40, 637–642. 
256. Knutsson, R., Blixt, Y., Grage, H., Borch, E., and Radstrom, P. (2002) Evaluation of selective 
enrichment PCR procedures for Yersinia enterocolitica, Int J Food Microbiol 73, 35-46. 
257. Knutsson, R., Fontanesi, M., Grage, H., and Radstrom, P. (2002) Development of a PCR-compatible 
enrichment medium for Yersinia enterocolitica: amplification precision and dynamic detection 
range during cultivation, Int J Food Microbiol 72, 185-201. 
258. Thisted Lambertz, S., Ballagi-Pordany, A., and Lindqvist, R. (1998) A mimic as internal standard to 
monitor PCR analysis of food-borne pathogens, Lett Appl Microbiol 26, 9-11. 
259. Bhaduri, S., Turner-Jones, C., Taylor, M. M., and Lachica, R. V. (1990) Simple assay of calcium 
dependency for virulent plasmid-bearing clones of Yersinia enterocolitica, J Clin Microbiol 28, 798-
800. 
260. Gemski, P., Lazere, J. R., and Casey, T. (1980) Plasmid associated with pathogenicity and calcium 
dependency of Yersinia enterocolitica, Infect Immun 27, 682-685. 
261. Prpic, J. K., Robins-Browne, R. M., and Davey, R. B. (1983) Differentiation between virulent and 
avirulent Yersinia enterocolitica isolates by using Congo red agar, J Clin Microbiol 18, 486-490. 
262. Riley, G., and Toma, S. (1989) Detection of pathogenic Yersinia enterocolitica by using congo red-
magnesium oxalate agar medium, J Clin Microbiol 27, 213-214. 
263. Bhaduri, S., Conway, L. K., and Lachica, R. V. (1987) Assay of crystal violet binding for rapid 
identification of virulent plasmid-bearing clones of Yersinia enterocolitica, J Clin Microbiol 25, 1039-
1042. 
264. Chiesa, C., and Bottone, E. J. (1983) Serum resistance of Yersinia enterocolitica expressed in 
absence of other virulence markers, Infect Immun 39, 469-472. 
265. Kandolo, K., and Wauters, G. (1985) Pyrazinamidase activity in Yersinia enterocolitica and related 
organisms, J Clin Microbiol 21, 980-982. 
266. Farmer, J. J., 3rd, Carter, G. P., Miller, V. L., Falkow, S., and Wachsmuth, I. K. (1992) Pyrazinamidase, 
CR-MOX agar, salicin fermentation-esculin hydrolysis, and D-xylose fermentation for identifying 
pathogenic serotypes of Yersinia enterocolitica, J Clin Microbiol 30, 2589-2594. 
267. Noble, M. A., Barteluk, R. L., Freeman, H. J., Subramaniam, R., and Hudson, J. B. (1987) Clinical 
significance of virulence-related assay of Yersinia species, J Clin Microbiol 25, 802-807. 
268. Robins-Browne, R. M., Miliotis, M. D., Cianciosi, S., Miller, V. L., Falkow, S., and Morris, J. G., Jr. 
(1989) Evaluation of DNA colony hybridization and other techniques for detection of virulence in 
Yersinia species, J Clin Microbiol 27, 644-650. 
269. Kapperud, G., Dommarsnes, K., Skurnik, M., and Hornes, E. (1990) A synthetic oligonucleotide 
probe and a cloned polynucleotide probe based on the yopA gene for detection and enumeration 
of virulent Yersinia enterocolitica, Appl Environ Microbiol 56, 17-23. 
93 
 
270. Ibrahim, A., Liesack, W., and Stackebrandt, E. (1992) Polymerase chain reaction-gene probe 
detection system specific for pathogenic strains of Yersinia enterocolitica, J Clin Microbiol 30, 1942-
1947. 
271. Ibrahim, A., Liesack, W., Griffiths, M. W., and Robins-Browne, R. M. (1997) Development of a highly 
specific assay for rapid identification of pathogenic strains of Yersinia enterocolitica based on PCR 
amplification of the Yersinia heat-stable enterotoxin gene (yst), J Clin Microbiol 35, 1636-1638. 
272. Nakajima, H., Inoue, M., Mori, T., Itoh, K., Arakawa, E., and Watanabe, H. (1992) Detection and 
identification of Yersinia pseudotuberculosis and pathogenic Yersinia enterocolitica by an improved 
polymerase chain reaction method, J Clin Microbiol 30, 2484-2486. 
273. Wannet, W. J., Reessink, M., Brunings, H. A., and Maas, H. M. (2001) Detection of pathogenic 
Yersinia enterocolitica by a rapid and sensitive duplex PCR assay, J Clin Microbiol 39, 4483-4486. 
274. Iteman, I., Guiyoule, A., and Carniel, E. (1996) Comparison of three molecular methods for typing 
and subtyping pathogenic Yersinia enterocolitica strains, J Med Microbiol 45, 48-56. 
275. Wojciech, L., Staroniewicz, Z., Jakubczak, A., and Ugorski, M. (2004) Typing of Yersinia enterocolitica 
Isolates by ITS profiling, REP- and ERIC-PCR, J Vet Med B Infect Dis Vet Public Health 51, 238-244. 
276. Virdi, J. S., and Sachdeva, P. (2005) Molecular heterogeneity in Yersinia enterocolitica and 'Y. 
enterocolitica-like' species--Implications for epidemiology, typing and taxonomy, FEMS Immunol 
Med Microbiol 45, 1-10. 
277. Vesikari, T., Nurmi, T., Maki, M., Skurnik, M., Sundqvist, C., Granfors, K., and Gronroos, P. (1981) 
Plasmids in Yersinia enterocolitica serotypes O:3 and O:9: correlation with epithelial cell adherence 
in vitro, Infect Immun 33, 870-876. 
278. Heesemann, J., Keller, C., Morawa, R., Schmidt, N., Siemens, H. J., and Laufs, R. (1983) Plasmids of 
human strains of Yersinia enterocolitica: molecular relatedness and possible importance for 
pathogenesis, J Infect Dis 147, 107-115. 
279. Skurnik, M., Nurmi, T., Granfors, K., Koskela, M., and Tiilikainen, A. S. (1983) Plasmid associated 
antibody production against Yersinia enterocolitica in man, Scand J Infect Dis 15, 173-177. 
280. Maslow, J. N., Mulligan, M. E., and Arbeit, R. D. (1993) Molecular epidemiology: application of 
contemporary techniques to the typing of microorganisms, Clin Infect Dis 17, 153-162; quiz 163-
154. 
281. Kapperud, G., Nesbakken, T., Aleksic, S., and Mollaret, H. H. (1990) Comparison of restriction 
endonuclease analysis and phenotypic typing methods for differentiation of Yersinia enterocolitica 
isolates, J Clin Microbiol 28, 1125-1131. 
282. Farber, J. M. (1996) An introduction to the hows and whys of molecular typing, J. Food Prot. 59, 
1091-1101. 
283. Andersen, J. K., and Saunders, N. A. (1990) Epidemiological typing of Yersinia enterocolitica by 
analysis of restriction fragment length polymorphisms with a cloned ribosomal RNA gene, J Med 
Microbiol 32, 179-187. 
284. Blumberg, H. M., Kiehlbauch, J. A., and Wachsmuth, I. K. (1991) Molecular epidemiology of Yersinia 
enterocolitica O:3 infections: use of chromosomal DNA restriction fragment length polymorphisms 
of rRNA genes, J Clin Microbiol 29, 2368-2374. 
285. Mendoza, M. C., Alzugaray, R., Landeras, E., and Gonzalez-Hevia, M. A. (1996) Discriminatory power 
and application of ribotyping of Yersinia enterocolitica O:3 in an epidemiological study, Eur J Clin 
Microbiol Infect Dis 15, 220-226. 
286. Lobato, M. J., Landeras, E., Gonzalez-Hevia, M. A., and Mendoza, M. C. (1998) Genetic 
heterogeneity of clinical strains of Yersinia enterocolitica traced by ribotyping and relationships 
between ribotypes, serotypes, and biotypes, J Clin Microbiol 36, 3297-3302. 
287. Fukushima, H., Gomyoda, M., and Aleksic, S. (1998) Genetic variation of Yersinia enterocolitica 
serotype O:9 strains detected in samples from western and eastern countries, Zentralbl Bakteriol 
288, 167-174. 
288. Logonne, J. L. (1993) Introduction to pulsed-field gel electrophoresis., Meth. Mol. Cell. Biol. 4, 49-
55. 
94 
 
289. Lukinmaa, S., Nakari, U. M., Eklund, M., and Siitonen, A. (2004) Application of molecular genetic 
methods in diagnostics and epidemiology of food-borne bacterial pathogens, APMIS 112, 908-929. 
290. Fredriksson-Ahomaa, M., Autio, T., and Korkeala, H. (1999) Efficient subtyping of Yersinia 
enterocolitica bioserotype 4/O:3 with pulsed-field gel electrophoresis, Lett Appl Microbiol 29, 308-
312. 
291. Olive, D. M., and Bean, P. (1999) Principles and applications of methods for DNA-based typing of 
microbial organisms, J Clin Microbiol 37, 1661-1669. 
292. Odinot, P. T., Meis, J. F., Van den Hurk, P. J., Hoogkamp-Korstanje, J. A., and Melchers, W. J. (1995) 
PCR-based characterization of Yersinia enterocolitica: comparison with biotyping and serotyping, 
Epidemiol Infect 115, 269-277. 
293. Lindstedt, B. A. (2005) Multiple-locus variable number tandem repeats analysis for genetic 
fingerprinting of pathogenic bacteria, Electrophoresis 26, 2567-2582. 
294. Schouls, L. M., van der Ende, A., Damen, M., and van de Pol, I. (2006) Multiple-locus variable-
number tandem repeat analysis of Neisseria meningitidis yields groupings similar to those obtained 
by multilocus sequence typing, J Clin Microbiol 44, 1509-1518. 
295. Keim, P., Price, L. B., Klevytska, A. M., Smith, K. L., Schupp, J. M., Okinaka, R., Jackson, P. J., and 
Hugh-Jones, M. E. (2000) Multiple-locus variable-number tandem repeat analysis reveals genetic 
relationships within Bacillus anthracis, J Bacteriol 182, 2928-2936. 
296. Gierczynski, R., Golubov, A., Neubauer, H., Pham, J. N., and Rakin, A. (2007) Development of 
multiple-locus variable-number tandem-repeat analysis for Yersinia enterocolitica subsp. 
palearctica and its application to bioserogroup 4/O3 subtyping, J Clin Microbiol 45, 2508-2515. 
297. dgr 1196 2-9-09 Piano regionale di controllo sanitario dei cinghiali e di specie selvatiche - anni 
2009/ 2011, Bollettino Ufficiale della Regione Umbria 45, 2881-2887. 
298. Stenkova, A. M., Isaeva, M. P., and Rasskazov, V. A. (2008) Development of a multiplex PCR for 
detection of the Yersinia genus with identification of pathogenic species (Y. pestis, Y. 
pseudotuberculosis, Y. enterocolitica), Mol Gen Mikrobiol Virusol, 18-23. 
299. CLSI Documents M-31 A2 (Third edition). Performance Standards for Antimicrobial Disk and Dilution 
Susceptibility Tests for Bacteria Isolated from Animals, Approved Standard 22. 
300. Kot, B., and Trafny, E. A. (2004) The application of PCR to the identification of selected virulence 
markers of Yersinia genus, Pol J Vet Sci 7, 27-31. 
301. Halpin, J. L., Garrett, N. M., Ribot, E. M., Graves, L. M., and Cooper, K. L. (2010) Re-evaluation, 
optimization, and multilaboratory validation of the PulseNet-standardized pulsed-field gel 
electrophoresis protocol for Listeria monocytogenes, Foodborne Pathog Dis 7, 293-298. 
302. de Benito, I., Cano, M. E., Aguero, J., and Garcia Lobo, J. M. (2004) A polymorphic tandem repeat 
potentially useful for typing in the chromosome of Yersinia enterocolitica, Microbiology 150, 199-
204. 
303. Kot, B., Piechota, M., and Jakubczak, A. (2010) Analysis of occurrence of virulence genes among 
Yersinia enterocolitica isolates belonging to different biotypes and serotypes, Pol J Vet Sci 13, 13-
19. 
304. Lee, W. H., Smith, R. E., Damare, J. M., Harris, M. E., and Johnston, R. W. (1981) Evaluation of 
virulence test procedures for Yersinia enterocolitica recovered from foods, J Appl Bacteriol 50, 529-
539. 
305. Bonardi, S., Salmi, F., Riboldi, E., Tagliabue, S., D’Incau, M., and Brindani, F. (2007) Bio-sierotipi di 
Yersinia enterocolitica isolati da suini macellati in Emilia-Romagna, Vet Res Commun ISSN VI 
Workshop Nazionale Enter-net Italia Sistema di sorveglianza delle infezioni enteriche, 23. 
306. Lee, T. S., Lee, S. W., Seok, W. S., Yoo, M. Y., Yoon, J. W., Park, B. K., Moon, K. D., and Oh, D. H. 
(2004) Prevalence, antibiotic susceptibility, and virulence factors of Yersinia enterocolitica and 
related species from ready-to-eat vegetables available in Korea, J Food Prot 67, 1123-1127. 
307. Abadias, M., Usall, J., Anguera, M., Solsona, C., and Vinas, I. (2008) Microbiological quality of fresh, 
minimally-processed fruit and vegetables, and sprouts from retail establishments, Int J Food 
Microbiol 123, 121-129. 
95 
 
308. Mingrone, M. G., Fantasia, M., Figura, N., and Guglielmetti, P. (1987) Characteristics of Yersinia 
enterocolitica isolated from children with diarrhea in Italy, J Clin Microbiol 25, 1301-1304. 
309. Filetici, E., Owczarek, S., Dionisi, A. M., and Luzzi, I. (2007) Caratterizzazione fenotipica e molecolare 
di ceppi di Y. enterocolitica isolai da fonti diverse, IVet Res Commun ISSN VI Workshop Nazionale 
Enter-net Italia Sistema di sorveglianza delle infezioni enteriche, 38. 
310. Manso, E., Strusi, P., Di Stanislao, F., Perissi, G., and Maffei, C. (1986) Enteriti di origine batterica: 
uno studio di comunità, Ann. Ist. Super. Sanità 22, 991-992. 
311. Miorin, E., Aragona, P., and Colonna, F. (2007) Yersinia enterocolitica: differential diagnosis with 
appendicitis, mesenteric adenitis and inflammatory bowel disease, MeB Pagine Elettroniche 10. 
312. Stefanelli, S., Ceccarelli, M., and Paladini, A. (1986) isolamento di Yersinia enterocolitica in pazienti 
con enterite acuta a Pisa, Ann. Ist. Super. Sanità 22, 997-1000. 
313. Greenwood, M., and Hooper, W. L. (1987) Human carriage of Yersinia spp, J Med Microbiol 23, 345-
348. 
314. Rosner, B. M., Stark, K., and Werber, D. (2010) Epidemiology of reported Yersinia enterocolitica 
infections in Germany, 2001-2008, BMC Public Health 10, 337. 
315. Gourdon, F., Beytout, J., Reynaud, A., Romaszko, J. P., Perre, D., Theodore, P., Soubelet, H., and 
Sirot, J. (1999) Human and animal epidemic of Yersinia enterocolitica O:9, 1989-1997, Auvergne, 
France, Emerg Infect Dis 5, 719-721. 
316. Bonardi, S., Brindani, F., Pizzin, G., Bacci, C., Cenci, A., D'Incau, M., and Liebana, E. (2002) 
Microbiological hazard of fresh pork sausages: results of a 1-year study, Industrie alimentari  41, 
782-788.  
317. Brindani, F., Paris, A., Bacci, C., Bonardi, S., Granelli, F., Merialdi, G., and Dottori, M. (2003) 
Detection of virulence determinants in Yersinia enterocolitica strains isolated from samples of 
swine origin, Ingegneria Alimentare - Le Conserve Animali 19, 9-13. 
318. Ercolini, C., Serracca, L., Migone, L., Goria, M., and Ferrari, A. (2007) Prevalenza di Campylobacter 
spp., Yersinia enterocolitica, E. coli 0157:H7 in tessuto muscolare di bovino, suino, equino e 
cinghiale Il Progresso Veterinario 10, http://www.ordiniveterinaripiemonte.it/rivista/07n10/05.htm. 
319. Laukkanen, R., Martinez, P. O., Siekkinen, K. M., Ranta, J., Maijala, R., and Korkeala, H. (2008) 
Transmission of Yersinia pseudotuberculosis in the pork production chain from farm to 
slaughterhouse, Appl Environ Microbiol 74, 5444-5450. 
320. Nesbakken, T., Iversen, T., Eckner, K., and Lium, B. (2006) Testing of pathogenic Yersinia 
enterocolitica in pig herds based on the natural dynamic of infection, Int J Food Microbiol 111, 99-
104. 
321. Bonardi, S., Paris, A., Salmi, F., Bacci, C., Floriani, M. E., Bignami, S., D’Incau, M., Tagliabue, S., and 
Brindani, F. (2008) The role of pigs as pharyngeal carriers of human pathogenic Yersinia 
enterocolitica strains, Atti convegno AIVI. 
 
 
